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The Championship-winning Eagle Talon TSi AWD. 
Exclusive tires: Goodyear Eagle "Gatorback" street radials? 


The Eagle Talon TSi AWD. 
Exclusive tires: Goodyear Eagle GT +4 all-weather performance radials. 
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" Both of these Eagle Talons get their 
grip from one, and only one, make of tires: 
Goodyear Eagle street radials* 


When the Eagle БЕС m 

A = 

Talon was designed, f= 
its engineers cut no 


corners. 
Hence the fact that 

every new Eagle Talon А Goodyear Eagle 

TSi AWD comes on apes scs 

Goodyear Eagle GT--4 ири 


high-performance radials. Exclusively. 
Which is one of the reasons the Talon 
handles so well. Especially in the corners. 
In fact, in independent testing, the Eagle 
Talon TSi AWD out-performed its competi- 
tion. And, in the slalom, it performed 
virtually the same in the wet as in the dry. 
Credit its fully independent suspension. 
Its quick-ratio steering. Its all-wheel drive. 
And its all-weather Eagle GT+4 radials. 
The race-prepared Eagle Talons of Bobby 
and Tommy Archer also use just one make 


of tires: Goodyear Eagle street radials* 

And in 1989, the Archer brothers won the 
SCCA Endurance Championship. Finishing 
first and second in A-Class competition. 

All of which helps to prove there really is 
a difference in performance tires. 

And that difference is a major reason why 
these Eagle Talons get their grip from the 
Goodyear Eagles. Exclusively. 


"Tires shaved to racing depth. Before you race on Goodyear street 
radials, write The Goodyear Tire & Rubber Company, P.O. Box 9125, 
Akron, Ohio 44305 for preparation recommendations and procedures. 
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If there’s abigger system of intelligent life, 


CompuServe is the largest, most 
comprehensive computer information 
service on Earth. But we're not stop- 
ping there. 

We continue to expand our scope 


of services to provide our more than 
500,000 members with more information 
and communication opportunities than 


any other service, as well as unmatched 


we haven’t found it. 


personal computer software and 
hardware support. 

We're constantly adding to our 
list of forums to meet our members’ 
special interests. We offer an eve 
increasing variety of shopping, travel, 
and convenience-oriented services. 
Plus, our combination of investment 
and research resources, and other 


decision- making tools, is second to none. 
In short, our ongoing commitment 
is to provide CompuServe members 
with a world of online opportunities. 
And then some. 
To join CompuServe, see your 
computer dealer. To order direct or for 
more information, call 800 848-8199. 


CompuServe 
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COVER STORY 


Space spies © 


WHAT'S NEW DIGEST ..... 9-23 


Four new spy satellites are improv- 
ing U.S. intelligence gathering: 
“Optical-imaging” satellites cap- 
ture detailed images of weapons. 
“Radar-imaging” satellites use a 
cloud-penetrating microwave trans- 
mitter. “Signals-intelligence” and 
“ferret” satellites capture radio 
and microwave transmissions from 
foreign countries. And “relay” sat- 
ellites speed data transmission to 
US. ground stations. 


Corvette vs. 
Corvette 


We pit the $59,000 ZR-1 Corvette 
against the $27,000 standard L98 
Corvette to find out if the ad- 
vanced technology and superior 
performance of the ZR-1 are worth 
the premium price. 


Lessons of “ 


The October earthquake centered 
near Loma Prieta, Calif., has been 
dubbed the “Pretty Big One.” How 
will we build better while we await 
the “Really Big One?” 


Consider the functions of a house. 
Engineer it as an entity. Make 
most components do several jobs. 
Factory-produce components. Goal: 
a 30-percent savings on its cost. 
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What's News 


gloom of night...” With 

apologies to Herodotus’s 
Persian couriers, and to the U.S. Post 
Office, I refer here to the Lacrosse spy 
satellite shown on this month’s cover. 
Orbiting hundreds of miles above 
Earth, the Lacrosse is one of the lat- 
est іп a burgeoning fleet of US. “space 
spies” that attempt to keep an eye on 
things around the world at a cost of 
more than $50 billion. 

The program is more than only ex- 
pensive. It is highly secret, complex, 
and nearly all-seeing, to judge by 
writer William E. Burrows's descrip- 
tion of the state-of-the-art technology. 
Burrows, whose book Deep Black ini- 
tially blew the cover off what has been 
among the most confidential of all in- 
telligence projects, points out that 
present-day space satellites such as 
the Lacrosse can see through clouds 
and darkness. And the wizards who 
design these space spies are in hot 
pursuit of even more sophistication, 
aided by Earth-bound computer-as- 
sisted imaging systems that can read 
the headlines off your newspaper—or 
sense the wisp of the smallest weap- 
ons launch. Of late, what began as a 
cold-war technology for monitoring nu- 
clear-arms cheating is now being em- 
ployed for spinoff applications—from 
pinpointing chemical-weapons-plant 
construction to locating cocaine fields. 


C arms-cheaters in the act 


Mi N either snow, nor rain... nor 


may be a day-in, day-out affair for 

the intelligence community, but 
catching Earth in the act of a major 
geological upheaval is nearly a rar- 
ity. That is exactly the opportunity the 
Loma Prieta earthquake south of San 
Francisco afforded scientists last Oc- 
tober: a living earthquake laboratory. 
We put a team of staffers that included 
West Coast Correspondent J.T. John- 
son and Associate Editor Dawn Sto- 
ver on the trail of the investigators. 
Johnson reports that only hours af- 
ter the earthquake subsided, engineers 
were combing the urban rubble and 
the remote landscapes of the Santa 
Cruz mountains, reading the quake's 
aftermath like so many tea leaves. A 
number of instrument "traps" had 
been laid for this “Not Quite the Big 
One? The morning-after response from 
the scientific community was “gotcha.” 
Engineers from around the world 
have made their way to the San Fran- 


cisco Bay area to study the quake 
since last fall. University laboratories 
and Congressional hearing rooms have 
reverberated with earthquake data. 
What have we learned from the Loma 
Prieta earthquake? First, the quake 
itself behaved in some unusual ways 
—and these strange surface and sub- 
surface twistings are the stuff of which 
future earthquake forecasts and pre- 
paredness will be made. Interestingly, 
engineers studied unharmed struc- 
tures as much as they did those with 
serious damage. The lessons of these 
successfully engineered quake-resis- 
tant structures will hopefully be em- 
ployed in the many vulnerable regions 
throughout the world. But now, John- 
son reports, the scientists keep on dig- 
ging. Because learning as much as 
they can from Loma Prieta may save 
lives when the "Really Big One" comes. 


t first glance, you wouldn't sus- 
pect that an altogether conven- 
ional-looking demonstration 
house recently completed in Massa- 
chusetts represents a major advance 
in housing technology. But as Senior 
Editor V. Elaine Gilmore reports in 
"Reinventing the House," this show- 
case of newly or soon-to-be-available 
construction products and systems 
suggests one version of the innovation 
that can result when the starting point 
is a clean slate. “А house today is a 
complex amalgam of components and 
systems, patched one on another,” Gil- 
more notes. In contrast, General Elec- 
tric Plastics and some 50 partners 
from the construction industry took a 
total systems approach to this house 
of the future. The result is a basement 
to rooftop tour de force of better ideas. 
The long-term goal of the so-called 
plastic house project is to reduce build- 
ing and maintenance costs by 30 per- 
cent. Clearly, however, there are nu- 
merous improvements in housing tech- 
nology that can be employed right 
away. Personally, a voice-responsive 
central computer system doesn't top 
my wish list for all the comforts of 
home. Nonetheless, ГЇЇ take liquid- 
crystal windows, R-25-per-inch insu- 
lating tiles, and a modular environ- 
mental control system anytime. 


MM. 


senes 


Editor-in-Chief Fred Abatemarco 
Editor Herbert Shuldiner 

Executive Editor Richard L. Stepler 

Art Director W. David Houser 

‘Science & Technology Editor Arthur Fisher 
Copy Chief Sherrill Clarke 


Senior Editors 

Timothy О. Bakke, John Free, 

V. Elaine Gilmore, William J. Hawkins, 
Norman S. Mayersohn, Dan McCosh 


Associate Editors 
Stuart F. Brown, Mariette DiChristina, 
Brian Nadel, Dawn Stover 


Copy Editors Stefanie Benado, 
Nancy Negovetich 


Staff Photographer John B. Carnett 
Art Editors Richard J. Meyer 

W. Thomas White 

Art Associate Hugo Salhuana 


Picture Editor Cynthia van Roden 

Deputy Picture Editor Caren Friedman 
Automotive Norman S. Mayersohn 

Brian Nadel Associate 

Dan McCosh Detroit 

Don Sherman Special Projects and Testing. 


Electronics William J. Hawkins 

Home Improvement Timothy 0. Bakke 
Housing Technology V. Elaine Gilmore 
Lawn & Garden Timothy О. Bakke 
Photography Arthur Fisher 

Recreation Stuart Р. Brown 

Tools V. Elaine Gilmore 

European Correspondent David Scott 
West Coast Correspondent J.T. Johnson 


Editorial Assistants Chery! M. Fiorillo Chief, 
Marcelle M. Soviero, Judith Anne Yeaple 


Editorial Business Manager 
Roberta S. Lee 


CONSULTING EDITORS. 

В. J. De Cristoforo Shop Techniques 
Robert Gannon Science 

A.J. Hand Tools 

Ben Kocivar Aviation 

E. F. Lindsley Outdoor Power Equipment 
Phil McCafferty Home & Shop 

Stephen Mercaldo Auto Maintenance 
Everett H. Ortner Photography 

Evan Powell Appliances. Home Equipment 
Smokey Yunick Auto Mechanics 


SCIENCE BUSINESS AND EXECUTIVE OFFICES: 2 Park Ave . New York 


Six to eight weeks for change of address. Subscriptions: US. and its posses- 
Sons. 1 year $1394; 2 years $24 97: 3 years $34.97 Canada and eise 
where. 1 year $1794, 2 years $34 95. 3 years $49.95 Subschplions pro- 

t; Send change of address notices to Pop- 


Copyright © 1990 by Times Mirror Magazines, Inc. All rights reserved. Con 
tents may not be reprinted or otherwise reproduced without written permis 
Sion. Popular Science" Mechanics and Handicraft" 


4 | POPULARSCIENCE MARCH 1990 


Ruger 
Rebate 


Super Redhawk Redhawk GP 100 Adj. Sight GP 100 Fixed Sight 5Р101 


44 Magnum Aland.44Magnum .357 Magnum .357 Magnum 5-Shot .38 Special 
$5049. $4099... $3049... $3049... $3049... 
Cut your best deal on жее im oo 
any of these fine Ruger ee 
Double-Action Revolvers 

at your local firearms STURM, RUGER 


31 Lacey Place 


retailer and receive a ee 


factory rebate. дЕ 


Trans Sport. 
The Pontiac 
Of Minivans! 


It's the space vehicle of the '90s from the people who build 
Excitement. Depending on the model, there's cabin space for five, 
six or seven plus launch equipment like a specially cammed 
3.1L V6 and Goodyear Eagle GT+4 radials. On the other hand, an 


aeronautical background might enhance your appreciation of 
Trans Sport's sleek shape. It slices through the atmosphere with a 
lower coefficient of drag than any other minivan made or sold in 
America by any of GM's competitors. Technologically, Trans Sport's 
body panels are special, too. They're made of a composite material 
that resists impacts and never rusts. Inside, you can take the 
helm behind an ergonomically sculpted steering wheel and analog 
gauges. Trans Sport's modular rear seats can be easily rearranged, 
folded flat for a table-like surface, tipped forward for added floor 
area, or removed entirely for cargo with 112.6 cu ft of inner space. 
It all helps make Trans Sport* the perfect vehicle to take you 
and the crew where no van has gone before. 


PONTIAC. 


WE BUILD 

Ah 2 / 
Call Toll-Free 1-800-888-2997 
For More Product Information. 


LETS GET IT TOGETHER... BUCKLE UP. 


[=]° SEE Your DEALER For TERMS or THE LIMITED WARRANTY C mi 


1989 GM CORP. ALL RIGHTS RESERVED. EN 


Readers Talk Back 


Too-smart highways? 


“Smart Highways” technology [Nov. 
*89] shows merit, but you overlooked 
something: The more a driver is dis- 
tracted, the more likely he is to lose 
control and have an accident. This 
would add to congestion—the very 
problem the technology seeks to cor- 
rect. Making the highway assist driv- 
ers, also, doesn’t address the issue of 
too many drivers on that highway. 
James Т. Parker, Woodbine, Md. 


Eating toxics 

In “Bacteria That Eat TNT” [Nov. '89], 
you said the bacteria also eat toxic ma- 
terial. What happens when the bacte- 


ria die? Are they toxic waste? 
Chad Fraser, San Pedro, Calif. 


The bacteria digest the toxins, using 
them for their energy and growth and 
incorporating them into cellular sub- 
stances such as sugar and proteins. 
Thus the materials are rendered harm- 
less.—Dr. Pat J. Unkefer, Los Alamos 
National Laboratory, Los Alamos, N.M. 


No-Rad: no good? 


As EPA-trained radon testers, here is 
our view of the No-Rad machine [“Ra- 
don Zapper," Oct. '89]: The machine 
can't be hidden; it can reduce moder- 
ate, but not high, radon-daughter lev- 
els; it costs $350 per 300 square feet; 
and must be retested by a skilled tech- 
nician costing upward of $100. In com- 
parison, sub-slab suction is hidden, re- 
duces radon levels up to 99 percent, 
costs an average of $1,200, and is eas- 
ily retested with a $10 to $15 kit. We 
tested two No-Rad machines for sev- 
eral days. One reduced radon daugh- 
ters by 74 percent, the other by zero 
percent. Therefore, we are not sur- 
prised that the EPA has not given the 
No-Rad its approval. 
Warren J. Riddle, president 
Cavalier Corp., Spokane, Wash. 


Address letters to Readers Talk Back, Porucar Science, 2 Park 
Ave., New York, N.Y. 10016. We reserve the right to edit for 
space and clarity and cannot answer unpublished letters. 


Some homes may need sub-slab suc- 
tion, but it often is a sledge-hammer 
approach to a tack-hammer job. Also, 
a four- to six-inch pipe that runs from 
the basement to the roof, needed for sub- 
slab suction, is hardly hidden. Recently 
we developed a variation on the No-Rad 
that is concealed within walls; it will 
cost about $100. (My experience shows 
that sub-slab suction costs $5,000 or 
more.) Simple retesting is now availa- 
ble from R.A.D. Service and Instru- 
ments Ltd. in Ontario. As to Cavalier's 
tests of the No-Rad, even with only the 
fan operating, our unit removes 50 to 
60 percent of radon daughters. Such 
results have been observed by investi- 
gators worldwide. Lastly, the EPA 
hasn't yet tested or approved of any 
radon-reduction device. Several states 
have begun such work, however. Penn- 
sylvania has tested the No-Rad and 
certified it for use in that state. —Dade 
W. Moeller, professor and associate 
dean, Harvard School of Public Health, 
Boston, Mass. 


Left ovt 


I am leading the analytical effort at. 
the Florida Solar Energy Center for 
the Desiccant Enhanced Radiative 
Cooling project [Home Newsfront,” 
Sept. '89]. Much of the information you 
printed was from a report I principally 
authored, yet my name was not men- 
tioned; it is only fair that this fact be 
brought to light. 
Muthusamy Swami, research engineer 
Cape Canaveral, Fla. 


In the November 1989 story on Go- 
Video's dual-deck VCR you say, “In 1984 
Terry Dunlap got the idea...” and con- 
tinue to describe the company’s accom- 
plishments as Dunlap’s alone. I was 
the co-inventor of the VCR as well as 
co-founder of Go-Video—and its CEO 
and president until I left in June 1987. 
Others also contributed to making 
our original vision a reality. 

Richard Lang, Cave Creek, Ariz. 


Editor’s note: The Sportscope peri- 
scope [“What’s New,” Jan.] is available 
from Carolina Pacific, Box 592, Bur- 
lingame, Calif. 94011. 
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BY DAWN STOVER а == 


1,500-mph business jet A 
Gulfstream Aerospace Corp. and the 
Soviet company Sukhoi have teamed up 
to develop a Mach 2 supersonic corpo- 
rate aircraft with a range of more than 
4,000 miles. A preliminary design for the 
$50-million jet, which would carry 12 
passengers, includes two aft-mounted 
engines and forward canards. A proto- 
type could fly by 1993. 


All-weather vehicle > 

In the summer, this hovercraft skims 
over land or water at up to 50 mph, rid- 
ing on an 8- to 10-inch cushion of air. 
Come winter, the $7,500 Starcraft 
RX2000 safely traverses both snow and 
ice. HoverDynamics, 5910 Chattahoo- 
chee Industrial Park, Hwy. 369, Cum- 
ming, Ga. 30130. 


Reef rover A 


Tourists can view fish and marine flora 
from the transparent acrylic cylinder 
in the center of this mini-submarine. 
Two silent electric motors power the 
Sous Marin Autonome de Loisir (Auton- 
omous Leisure Submarine). Built by 
Offshore Industrie, a French company 
located near Marseille, it can dive to a 
depth of 165 feet. 


«Heart ware 


Distressed about stress? The British 
Minimonitor checks your pulse and 
blood pressure, then reassures you or 
issues a warning. The tiny fingertip cuff 
automatically inflates when you press 
the thumb switch. Tripod Industries 
Co., 105 Lansdowne Rd., Croydon, Sur- 
rey CRO 2BN, England. 


Whirlybird on the way > 


If you order this helicopter today, it will 
be ready by 1996, according to McDon- 
nell Douglas Helicopter Co. Featuring 
a NOTAR (no tail rotor) system, the 
eight-place MDX will cruise at 173 mph 
and will cost about $220 an hour to op- 
erate. Maintenance specialists have 
completed a preliminary review of 
plans for the twin-turbine chopper. Its 
first flight is scheduled for July 1992. 


< Puncture protection 


Despite safety guidelines intended to 
prevent the spread of AIDS and hepa- 
titis, needle-stick injuries are still com- 
mon among hospital workers. Dispos- 
able needles that must be uncapped and 
recapped haven't solved the problem. 
А better idea: the ProGuard needle. It 
s a bit more, but it can be 
retracted and locked into its 
protective housing with 
just one hand. SafetyJect, 535 Anton, 
Suite 450, Costa Mesa, Calif. 92626. 


«Sunshine station 


An arc-shaped metal band, positioned by a computer, ro- 
tates around a detector once every 15 seconds to compile a 
solar radiation profile. The data will be used to design energy- 
efficient buildings and to monitor particulates and gases in 
the atmosphere. Developed at the Pacific Northwest Labo- 
ratories, the rotating shadowband photometer costs far less 
than current solar radiation devices. 


Push-me pull-me racer A 


Fast Freddy Markham and John Howard—two former 
Olympians—sit back to back inside this streamlined tandem 
bicycle, the Double Gold Rush. In October 1989, the duo set 
two world speed records on the Bonneville Salt Flats in Utah. 
They averaged 60.5 mph for the kilometer and 58.6 mph for 
the mile. The bicycle was built by Easy Racers (2891 Free- 
dom Blvd., Watsonville, Calif. 95076). 
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SURGEON GENERAL'S WARNING: Smoking 
Causes Lung Cancer, Heart Disease, 
Emphysema, And May Complicate Pregnancy. 


BY ARTHUR FISHER 


Extended range A 


The Ricoh Mirai’s original zoom 
range has been extended by two 
optical accessories: A telephoto 
converter ($111) yields 200mm; a 
wide-angle converter ($83), 28mm. 


Pellicle mirror A 


Newest in Canon’s line of EOS 
35mm autofocus cameras is the 
RT. It has a non-moving pellicle 
mirror that lets you see the im- 
age at the moment of exposure 
and cuts release time lag. Price 
for the body: about $900. 


Micro lens > 

Nikon’s 60mm f/2.8 AF Micro- 
Nikkor close-focusing lens deliv- 
ers up to a 1:1 image on the film 
without special adapters, and re- 
quires only 3.2x exposure com- 
pensation rather than the usual 
4x at that magnification. $494. 
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Mog 


A 
ANGLE сомуЕНТЁ 


Clever clamp A 


Hama’s Clamp and Table 
Tripod 1 is designed for 
small point-and-shoot cam- 
eras for speeds lower than 
Yeo second, Tiny, concealed 
legs (not shown) convert the 
clamp to a tripod. PSI, 7200 
Huron River Dr., Dexter, 
Mich. 48130; $26. 


+ 
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Zip zoom 35 A 

The most interesting feature 
of the Vivitar 20017, autofoc- 
us 35 is a “Zip Zoom” mode 
that lets you go instantly to 
the wide-angle (38mm), tele- 
photo (80mm), or normal 
(55mm) settings of the f/3.8— 
7.6 Series 1 lens. Autofocus- 
ing is via a 59-zone infrared 
system, and the built-in elec- 
tronic flash zooms to match 
the field of view. Price of the 
2001Z is $358. 


&* 7 
Name Three 


Bass Masters Classic Winners? 


That's Easy 


Johnson, Johnson And Johnson. 


Classic winners Jack Chancellor, Charlie Reed 
and Guido Hibdon all have one name in common. 
Johnson? You see, all of their personal tournament 
boats were powered by the Johnson GT™ 150 out- 
board. Just a coincidence? Hardly. = 

Qur tournament pros win because they { 
have confidence. Confidence that their out- 
board will get them out of the hole quicker 4 
than anything else in its class. Confidence that it 
will start at every turn of the Confidence that 


© 1990, Outboard Marine Corporation. All rights reserved. 
Platinum Member Sport Fishing Institute. 


ause the pros know the 
specially- designed powerhead and louvered air жи 
to allow maximum horsepowe well as QuikStart 
our no-m ic starting system. And 
УКО?" oil injection, which provides the correct 
fuel/oil mixture for optimum performance 

and protection at any speed. 
For the name of your nearest Johnson 
. We can't promise 
with a Johnson, But we guar- 
xcuse for not trying. 


youl win "* Classi 
antee you'll have оп 


~Johnsorr 


Nothing Beats The Experience. 


BY CHERYL M. FIORILLO = = = = 


Accessorized saw A 


The variable-speed Deca scroll saw has 
a 15-inch throat depth and cuts wood, 
plastic, sheet metal, and more. You can 
attach a grinding disc, buffing wheel, 
or flexible drive to the motor's drive 
shaft. Price: $140; with accessories and 
extra blades: $165. CBIX, 3825 Vista 
Azul, San Clemente, Calif. 92672. 


РА > 

we 

Compact clamp A 

Simple Sampson is a universal clamp 
that rests on the floor or workbench and 
holds doors and panels. This six-pound 
holder is pedal operated, leaving hands 
free. Sampson clamps workpieces up to 1 
2*4 inches wide. It's $28. Collins Enter- 
prises, Box 340, Lillington, N.C. 27546. 


4 4 Heavy-duty flex shaft 


Dremel's new heavy-duty flexible-shaft 
toolhasa -horsepower 20,000-rpm mo- 
tor and a quick-disconnect feature for 
fast handpiece changing. The basic rig 
without the handpiece is $150; $410 will 
get you the tool, speed control, and ac- 4 
cessories. Dremel, 4915 21 St., Racine, 
Wis. 53406-9989. 


“KER, “N 4 Saw-blade changer 


Three-in-one saw converter A 


Linear Link's conversion kit ($295) 
teaches a Skil or Craftsman worm-drive 
circular saw new tricks. The chain- 
sawlike bar has a 12-inch depth of cut 
for trimming and notching. The conver- 
sion can be completed with hand tools. 
Progressive Power Tools Corp., 303 N. 
Rose St., Kalamazoo, Mich. 49007. 
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The Geartight blade-retainer set pre- 
vents saw-blade rotation during blade 
changes. A flange and nesting gear nut 
(which threads onto the arbor) replace 
your saw's hex nut. An Allen wrench 
slips into either hole in the flange to en- 
gage the nut's teeth. With a twist you 
can loosen the nut. Geartight is not yet 
in production. Patent Products Corp., 
445 Interstate Rd., Addison, Ill. 60101. 
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BY WILLIAM J. HAWKINS 


What’s New 
ELECTRONICS 


.  Six-packs to go A 

Blaupunkt’s trunk-mounted CD chang- 
er uses two six-pack cartridges (right) 
to hold up to a dozen discs. The push- 
button console (top) goes in the instru- 
ment panel and lets you program up 
to 50 songs in any order you choose. 
Changer: $630. Console: $250. 


Good listener A 


Adjust the “audio zoom” control on the 
Cam Ear, and you can record sounds 
k from subjects up to 50 feet away. The 
parabolic microphone attaches to any 
camcorder via the external microphone 
connector. From Silver Creek Indus- 
tries (1909 Silver Creek Rd., Manitowoc, 
Wis. 54221), it’s $70. 


4 Feel no evil 


Aim Lifescan down a dark alley—be- 

fore you enter—and the infrared detec- 

tor quietly vibrates in your hand if it 

“sees” heat from a human body up to 

75 feet away. From Dynaray Marketing, 

50 W. Hillcrest Dr., Thousand Oaks, 
i m Calif. 91360. It's $399. 


А 7 «Clean sound 
Soundesign’s clock radio wakes you up 
|, in the morning...with a breath of fresh 
air. Besides an AM-FM radio, the cube 
> y contains an air purifier and ionizer that 
Т> start at a preset time. It has a wake-up 


| price too: $150. 


ИНВ 


> 


«Sound shooter 


Click. A still video 
picture of you... 
and it sounds great. 
Sounds great? It 
will if taken with 
Sony’s Mavica 
MVC-A10. The cam- 
era (left) records 10 
seconds of audio 
with each of the 25 
pictures held on its 
two-inch floppy. 
The removable disk 
is seen and heard 
on your TV monitor 
via a remotely con- 
trolled playback 
unit (right). $850. 
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BY BRIAN NADEL 


Back bliss > 


The Back Relief car-seat insert mas- 
sages tired back muscles while you 
drive. The remote control lets you 
choose an upper or lower back mas- 
sage or both, and there’s a heater and 
an inflatable lumbar support. Power 
comes from the cigarette lighter outlet. 
It costs $100. Pollenex, 165 N. Canal St., 
Chicago, Ill. 60606. 


Sun block for your car A 


You can protect your car's paint from 
the sun with Shade, a urethane car 
finish containing a sun block that is said 
to be 99 percent effective at screening 
the sun's ultraviolet rays. One appli- 
cation every two years is all that is 
needed to protect your car's finish, ac- 
cording to Shade. A 12-ounce bottle 
costs $40 and is available by mail. 
Shade, Box 2770, Dallas, Texas 75221. 


Power wipers A 

Windshield hot-wash heats windshield cleaner 
solution to clear traffic film, oil smears, and 
bugs while you drive. The solution is heated 
when it travels through coils wrapped around 
the heater inlet hose. Tajko Auto Accessories 
A/S, Odinsvej 9, 7200 Grindsted, Denmark. 
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Car power A 
Power Star lets you run 
а 140-watt 115-volt appli- 
ance from your car's cig- 
arette lighter outlet. The 
device is more than 90 
percent efficient and will 
turn off if overloaded, 
according to the manu- 
facturer. Power Star, 
10011 N. Foothill Blvd., 
Cupertino, Calif. 95014; 
Price: $150. 


4 Mousse shine 


This chrome cleaner is 
nontoxic, nonabrasive, 
and safe for skin con- 
tact, according to Tri- 
Peek International (1371 
Dogwood Dr. S.E., Con- 
yers, Ga. 30207). Pack- 
aged either as a mousse 
or a cream, Peek leaves 
an antioxidant coating 
that will delay future 
dulling. Price: $6. 


Rust spotter A 


Find hidden rust damage with Spot Rot. The 
$10 spring-loaded magnet registers a 10 for 
undamaged steel, six through nine for re- 
painted parts, and below five for repaired 
damage. Pro Motorcar Products, 1437 Gulf 
to Bay Blvd., Clearwater, Fla. 34615. 


Your old bubble level is a thing of 
the past, because now you can own 
SmartLevel? More than just a level, 
SmartLevel is a digital inclinometer that 
electronically measures every angle 
easily, reliably and accurately—every 
time! 

With the push of a button, 
SmartLevel measures and displays: 

* Level or Plumb 

* Rise Over Foot of Run (Pitch) 

* Degree of Slope 

* Percent of Slope 

So you can quickly measure roof 
pitch; drainage, landscape or deck 
slopes; stairway rise; level and plumb. 
Plus, because SmartLevel displays direct 
measurements, you don't have to do 
any other calculations to figure pitch 
or slope. 


SmartLevel helps reduce 
costly re-work 
SmartLevel helps you avoid re- 


work because—unlike a bubble level— 
you can always be sure your SmartLevel 


measures true. Just press the “Reset” but- 


ton and your SmartLevel 
is easily recalibrated 
to reliable accuracy. 


sp 


Just press the Mode button to 
directly measure rise over run 
(pitch) 4, degree of slope °, 
percent of slope X, or level and 
plumb with, if you prefer, а 
simulated bubble (: W1). 
Arrow shows direction to true 
level/plumb. 


Plus, SmartLevel provides an exact 
digital display of the measurements you 
make, so there's no guessing. The display 


SmartLevel— 


the new, electronic hand tool that accurately measures every angle, not just level and plumb 


мне, LETT, 


engineers and experienced carpenters to make it 
easy to use and to last a long time. 


can be read from as far away as 10 feet, 
overhead or below-shoulder level, 

in bright or dim light. The display even 
“flips over” so you can still read it 
when it’s upside-down. 


“ши” 


The heart and brains of SmartLevel 
is a rugged, solid-state sensor sealed 
inside a weather-resistant polycarbonate 
module. You can use it alone as a torpedo 
level or lock it quickly into the hand- 
holds in our 2-, 4-, or 6-foot rails. 

The hand-crafted rails are made of 
strong, aircraft-grade aluminum, 
through-bolted to solid teak centers that 
absorb shock and resist warping. The 
triangular shape provides a low center 
of gravity to make SmartLevel more 
stable than I-beam levels. 


100% guaranteed 


Every SmartLevel is backed by a 100% 
satisfaction guarantee. If for any reason 
you are not happy with your SmartLevel, 
you may return it within 30 days fora 
full refund. But we're sure you'll want to 
keep it — and it's backed by a one-year 
warranty against defects in materials and 
workmanship. 


One sensor module will fit interchangeably into any of the 2- 


"mE ШӘ 


The sensor module can also be used alone as a torpedo level. 


So order yours today. Then you can 
Stop second-guessing your old bubble 
level or replacing it year after year. 
Because you'll have SmartLevel — the 
most accurate, versatile and durable 
“carpenter's level" you'll ever own. 


Order by mail, or toll-free 
1-800-SMARTLEVEL 
1-800 762-7853 
Please mention Code COPS 
Mon.-Fri.: 7:30 AM-5 PM Pacific Time 


y WEDGE 


In some areas, SmartLevel is available at select 
stores. Call Wedge Innovations for the name of the 
authorized SmartLevel dealer nearest you. 


Mall to: Wedge Innovations, 532 Mercury Dr. Sunnyvale, CA 94080 | 


Description lem? Qty Ре Tul | 
Sensor Module (fits in any rail) — SM 589.95 
2 ft. Rail (without module] TR2 $30.00 | 
4 ft. Rail (without module] TRA $60.00 
6 ft. Rail (without module) TRO $90.00 

Sub total: 


Calif. residents add local sales tax: 


Shipping (add $6.50 for each rail ordei 
Alaska & Hawaii $10 per гай}: 


Total: 


| 
| 
| 
| 
| 
| 
MasterCard | 
| 
| 
| 
| 
| 


Payment method: Check VISA 
E] | CELL О T Lj: вее 
Authorized 


card signature. 


Ship to: (No PO. boxes please.] 
Name 


Address 
City/State/Zip 
Daytime phone | D 


"Mail orders, please allow 3 weeks for delivery. For faster service, 
credit card orders may be placed by phone. For overnight or second 
ie Innovations for delivery charge quote. 


STAINLESS- 


Low-cost all-wheel steer A 


White Outdoor Power Products says it has simplified the 
four-wheel steering on its FST 14 lawn tractor, reducing the 
cost of the option and at the same time eliminating a prob- 
lem common to such systems. Most tractor four-wheel- 
steering geometries use multiple steering input points, 
resulting in some amount of free play, says White. The 
“wandering” that results demands constant steering correc- 
tion when going in a straight line. White says it solved the 
problem by designing a single worm-gear-controlled input 
point for both front and rear. FST 14 price: $2,399. White 
Outdoor Power Prod., Box 361131, Cleveland, Ohio 44136. 


Overhead-valve cousins A Я 


Two 14-horsepower engines, Briggs & 
Stratton’s Vanguard (top) and Kohler’s 
Command, represent the latest over- 
head-valve technology in U.S. power- 
equipment engines. Vanguard is a V- 
shaped horizontal-shaft twin-cylinder 
design with oil filter, stainless-steel 4 
valves and seats, and dual-element air 
filter. The vertical-shaft Command uses 
one cylinder and claims to eliminate the 
need for valve adjustment with its hy- 
draulic valve-lift system. Both compa- 
nies make claims of low noise and vi- 
bration. Briggs & Stratton Corp., Box 
702, Milwaukee, Wis. 53201; Kohler Co., Г 
Kohler, Wis. 53044. 


< Hand-held string trimmer 


ClipQuik is an easy-to-use replacement for your squeeze- 
type grass shears. The 2.6-pound groomer is powered by a 
lead-acid rechargeable battery and spins a monofilament line | 
(inset) to cut a six-inch swath. It is intended for trimming in 
hard-to-reach areas or around delicate trees and shrubs. 
Poulan/Weed Eater, Box 9329, Shreveport, La. 71139; $35. 
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Carbide chain > 
Rapid Duro great- 
ly reduces one of 
the most tiresome 
equipment-main- 
tenance chores: 
saw-chain sharp- 
ening, according 
to Stihl Inc. Car- 
bide tips welded 
to the saw-chain 

7 cutters (at left in 

photo) improve 

the durability of 
the chain and stay 

sharper at least 10 

times longer than 

cutters in conven- 
tional saw chains, 

В says Stihl (536 Vik- 

ing Dr., Virginia 

Beach, Va. 23452- 

7391). Price: $69 

(for 16-inch bar), 

$75 (18-inch), $82 

(20-inch). 


Sophisticated mower A 


The 38-inch cutting deck on Simplici- 
ty’s LT OHV tractors has an asym- 
metrical shape to facilitate the flow of 
grass clippings. Other LT features: a 
16-inch turning radius and the quick- 
hitch attachment, with which the deck 
can be removed within 30 seconds, says 
Simplicity Manufacturing (Box 997, 
Port Washington, Wis. 53074). Prices 
start at $2,899 for the 12.5-hp LT. 


Cleancatch > * 
Bagged clippings 
with no mess: 
stuff the plastic in- 
sert into the rigid 
catcher housing 
and start the mow- 
er; the liner bag 
inflates inside the 
catcher. When the 
catcher is full, you 
just dump out the 
liner. You can 
then take the 35- 
gallon bag of clip- 
pings to your com- 
post pile or dis- 
card it. It's only 
for lawn mowers 
by Snapper (Box 
771, McDonough, 

Ga. 30253); $4 for TAMAIADIUSTABE 
10 bags. 


SPRING 


ADJUSTABLE NOZZLE 


Clamping sawbuck A Dual-control water nozzle > WASHER 


Look closely at the photo. The log in You can adjust both the spray pattern and water flow | 
the steel buck has been sliced just to —independently—vwith this innovative hose nozzle. 

the left of the saw yet stays in place. That’s something other nozzles can't do, says L.R. Nel- 
Spring-loaded jaws hold logs up to 12 son Corp. (7719 М. Pioneer Lane, Peoria, Ш. 61615). The 
inches thick so you can cut wood with $5.30 Rain Miser 2250 has a thermoplastic handgrip hous- 
no handling once the log is in position. ing. The threaded tip changes the spray and the thumb- 
Martek International, 15 Spinning controlled ball valve adjusts water flow. O-rings prevent 
Wheel Rd., Hinsdale, Ill. 60521; $170. leakage. Model 2270 has a zinc body and a brass nozzle: $11. JOHN 8. CARNET 
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Science Newsfront 


By ARTHUR FISHER 


Oldest known dinosaur 


The artist’s concept above is the first 
detailed and accurate representation 
of the oldest known dinosaur, Herrer- 
asaurus. It comes to us courtesy of 
Paul Sereno, a paleontologist at the 
University of Chicago, based on new 
fossil finds, including a skull and two 
skeletons, found by him and colleague 
Alfredo Monetta near San Juan, 
Argentina. 

“Before, only a few bones of Her- 
rerasaurus were known,” says Sereno. 
“Now we have everything. This brings 
us very close to the origin of the 
dinosaurs.” 

The fossil remains are 230 million 
years old, making Herrerasaurus the 
most primitive dinosaur known, only 
5 to 10 million years removed from the 
as-yet-unearthed very first dinosaur. 

A flyweight compared with some of 
its ponderous descendants, Herrera- 


saurus weighed perhaps 300 pounds 
and stretched a mere six to eight feet 
long. It had enormous claws and small 
forelimbs, showing that it spent much 
time ambling on two legs. It also has 
a peculiar, double-hinged jaw, shown 
in the inset above, that allowed it to 
clamp down on wriggling prey. And its 
teeth were finely serrated. These char- 
acteristics, Sereno says, clearly mark 
Herrerasaurus as ап active flesh-eater. 
The site of the fossil find, the Ischi- 
gualasto Formation in northwestern 
Argentina, is the only area in the world 
where there are no gaps in the fossil 
record across the time zone being in- 
vestigated. Sereno says that the very 
first dinosaur should have lived at the 
time of the rock layer containing Her- 
rerasaurus, but that climatic and geo- 
logical factors combined to keep any 
fossils from being preserved there. 
“We'll have to concentrate above and 
below that zone,” says Sereno. “For- 


tunately, those layers are very good. 
It's likely we'll be able to find more in- 
teresting fossils there." 

The paleontologist won the $500,000 
Packard Foundation Award last Octo- 
ber, which he says will enable him to 
continue on the track of dinosaurs. 


Rings record quake 


A massive earthquake may have rav- 
aged the southern coast of Washing- 
ton 300 years ago. That's the conclu- 
sion of a University of Colorado at 
Boulder scientist after examining doz- 
ens of tree ring samples. 

David Yamaguchi of the school's In- 
stitute of Arctic and Alpine Research 
took the samples from dead western 
red cedar snags. The saga of the rings 
shows the trees died suddenly and 
simultaneously in the late 1600s as a 
result of the rapid submergence of at 
least a 60-mile swath of coastline. 
Yamaguchi presented his findings at 
last December's meeting of the Amer- 
ican Geophysical Union in San 
Francisco. 

“This is the first strong evidence that 
this subsidence event occurred synch- 
ronously up and down the coast,” Ya- 
maguchi says. “We know the trees all 
died at about the same time,” proba- 
bly as a result of being submerged in 
brackish water below high-tide. 

Mathematical models show that the 
simultaneous submergence of 60 miles 
of coastline correlates with an earth- 
quake of magnitude 8. The seismic ac- 
tivity along the Washington coast is 
caused, geophysicists believe, when the 
continental North American tectonic 
plate periodically shoves the coastal 
Juan de Fuca plate into the Earth’s 
mantle. The process is called subduc- 
tion; some of the greatest earthquakes 
of modern times have occurred along 
similar subduction zones, including a 
magnitude 8.4 event in Alaska in 1964. 

“One of the questions facing geolo- 
gists today,” says Yamaguchi, “is 
whether the Northwest is susceptible 
to a magnitude eight earthquake... 
Calendar dates obtained from tree 
rings could... help geologists forecast 
future seismic activity.” 

At the same geophysical meeting, 
researchers from the University of Cal- 
ifornia, Berkeley, and the University 
of Oregon amplified warnings about 
the Pacific Northwest. Mark Richards 
of UC Berkeley reported that condi- 
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"DAZZLING" 


CHICAGO TRIBUNE 


Test tube recreation of 
Earth's primeval chemistry. 


| 
Arizona's Meteor Crater: one of 
\irth’s many asteroid impact sites. 


PLANET 


^^ FASCINATING” 


TV GUIDE 


Take a spectacular video voyage 
from the depths of the sea to the 
farthest planets. 


Discover... 


EARTH 


An ancient “supercontinent” 
tearing apart to form 
todays world. 


Acclaimed PBS Series now on home video! 
Not available in stores! 


Stunning photography! 


You are invited on an incredible voyage 
lof discovery. To witness the “Death Star” 
that may have destroyed the dinosaurs. To 
fast-forward in geological time to see Cali- 
fornia collide with Alaska. To ride the solar 
wind at a mind-boggling one million miles 
per hour! 

Plunge into the blistering depths of the 
3un...sweep past the forbidding moons of 
upiter...discover the strange, fascinating 
forces of creation at work. 

Now, you can thrill to the most spectacu- 
lar video epic ever made: the world 
acclaimed PBS production, Planet Earth — 
available for the first time on home video! 


Astonishing new discoveries! 


For thousands of years, Man has wondered 
about the powerful forces of Nature shap- 
ing his world...but could only guess at the 
answers. Now, in just the past ten years, 
quantum leaps in science have solved 
лапу of the Earth's most ancient and mys- 
terious riddles. Now you can share this 
imazing new knowledge in seven stunning 
videos, each one a complete hour-long epic 
lof incredible visual impact. Planet Earth 
reveals the inner workings of the Earth, 
merging truths about its past and startling 


predictions about its future... 


Spectacular graphics! 


Incredible special effects! 


You'll see how climate changes 
destroyed great civilizations. Watch Pan- 
gaea, an ancient “supercontinent” break up 
and move across the Earth to form the con- 
tinents of today. Peer into live volcanoes — 
and the Sun's core. See earthquakes in 
action! Learn the perils of pow warming. 
Travel from the ocean floor to distant 
planets ...and beyond. 

Here, with spectacular, Emmy award- 
winning color photography and brilliant 
special effects, is the gripping history of 
our planet — as it has never been told 
before! 


No Risk Guarantee! 
Convenient monthly installments. 


Not sold in stores, Planet Earth is available 
exclusively from Easton Press Video. Each 
set of seven videos is only $195.65? payable 
in 7 convenient monthly installments of 
just $27.95* each — with no finance charge! 
Your satisfaction is guaranteed: you may 
return your set within 15 days for a full 
refund. Discover Planet Earth! Order Today! 


*Plus $5 shipping/handling charge per set. 


CALL TOLL FREE: 1-800-367-4534 


Molten lava rock continually 
shapes the Earth's surface. 


rotation helps create 
as seen from space. 


"Northern Lights"... 
Earth's magnetic feld clashing 
with the solar wind. 


7 videos — 
7 hours! 


© 1990 MB 

| PLANET EARTH 
Easton Press Video Please Responc 
47 Richards Avenue Promptl 


Norwalk, Conn. 06857 


Call Toll-Free: 1-800-367-4534 


Yes! Please send me Planet Earth — the com 
plete set of 7 one-hour video cassettes 
I understand only VHS is available. 


Name 


LEASE PRINT CLEARY 
Address. 

City/State/Zip. 

Signature 


‘orders subject io acceptance) 


Charge each of 7 monthly installments о 
$28.67" to my credit card: 
O VISAO MasterCard O American Express O Diners Chul 


Credit Card No. Exp. Dat 
5 I prefer not to use a credit card and will pay b 
check. Enclosed is my deposit of $50.00” I wil 
pay the balance in four monthly installments о 
$37.66" each. 

Allow 6 t08 weeks for shipment. 


"Includes shipping and handling. Applicable sales 
tax, ifany will be billed with shipment. 


478-115 


Ап adult desert locust gets pesticide therapy 
from an entomologist at Britains Agrochemical 
Evaluation Unit at Southampton University. The 
insects devastate crops. 


tions are ripe for a major, devastating 
quake along the Oregon coast, but that 
population centers such as Portland 
and Salem were “severely” unprepared 
for such a disaster (see “The Lessons 
of Loma Prieta,” this issue). 

The evidence comes from a record of 
sizable vertical shifts of the coastline 
during the past 50 years, contrasted 
to much smaller average changes over 
geologic time. The result is a major 
buildup of stress, which the geophysi- 
cists predict will result in a quake of 
magnitude 8 to 9 any time within the 
next 150 years. 


Off again on again 


Regular aerobic exercise is apparently 
more effective in maintaining middle- 
aged men’s weight loss than diet alone. 
Dr. Abby King and colleagues at the 
Stanford University School of Medicine 
examined the weight-loss patterns of 
155 men between the ages of 30 and 
59 who had enrolled in a weight-loss 
program. In the December issue of Ar- 
chives of Internal Medicine, the inves- 
tigators report that a year and a half 
into the study dieters gained back more 
weight (8.51 pounds) than the exercis- 
ers (4.77 pounds). The bad news is that 
if continuous supervision lapsed, both 
groups regained significant amounts 
of the weight originally shed. 


Fighting crop pests 


The desert locust, Schistocerca gre- 
garia, is capable of denuding parts of 
Africa of vital food crops, thus contrib- 
uting to the devastating famines that 


afflict the Sahel. Research aimed at de- 
veloping an effective and practical pes- 
ticide against this insect menace is now 
being carried out at the Agrochemical 
Evaluation Unit of Southampton Uni- 
versity in England. In the photo at left, 
an entomologist applies a droplet of a 
trial insecticide to an adult locust. 


Engineering greats 

On the occasion of its 25th anniver- 
sary, the National Academy of Engi- 
neering announced at the end of last 
year its choices for a kind of engineer- 
ing hall of fame: the 10 greatest engi- 
neering achievements of the last 25 
years, technological advances that have 
dramatically altered society. 

The 10 notables are: the Moon land- 
ing; application satellites; the micro- 
processor; computer-aided design and 
manufacturing; the CAT scan; ad- 
vanced composite materials; the jumbo 
jet; lasers; fiber-optic communications; 
and genetically engineered products. 

These were the winning selections 
from a list of some 340 suggestions sub- 
mitted by the academy’s 1,500 mem- 
bers and by professional engineering 
societies. If you think more suitable 
items were snubbed, write to tell us. 
And if you would like a copy of a col- 
orfully illustrated 48-page booklet ti- 
tled “Engineering and the Advance- 
ment of Human Welfare: 10 Outstand- 
ing Achievements 1964—1989,” send 
your request with $8.95 to the National 
Academy Press (2101 Constitution Ave. 
NW, Washington, D.C. 20418). 
Photovoltaic record 
The Solar Energy Research Institute, 
an arm of the Department of Energy, 
has announced a new world record for 
the highest power output achieved by 
a single thin-film solar electric panel: 
62 watts from a 13-square-foot amor- 
phous silicon panel in sunlight. 

`The device is also the largest mono- 
lithic thin-film solar panel ever made. 
A monolithic panel is built by deposit- 
ing all active components and inter- 
connectors as thin films on a sheet of 
glass in one production sequence. This 
panel was produced by Chronar Corp. 
as part of a research consortium that 
also included SERI; Energy Conversion 
Devices (whose founder, Stanford Ov- 
shinsky, pioneered the use of amor- 
phous silicon); ARCO Solar; 
and Solarex. The prototype 
panel will be installed in a 
400-kilowatt experimental system in 
Davis, Calif. 

The goal of the cooperative research 
program is to provide cost-effective 


peak power for electric utilities in an 
environmentally benign manner. Ex- 
perts at SERI anticipate that such 
large-scale photovoltaic plants will be 
constructed some time between the 
mid-1990s and the beginning of the 
21st century. 

Side swiped 

About one out of five auto accidents 
involves a side impact, which often 
causes serious injury. To help in the 
design of future cars that will offer bet- 
ter protection to occupants in such 
crashes, European researchers have 
created this experimental tool, called 
Eurosid. That stands for European Side 
Impact Dummy. 


Eurosid not only looks like a human- 
oid; its dynamic responses, transmit- 


A vehide safety researcher adjusts Eurosid—the 
European Side Impact Dummy—as part of a 
pan-European program to improve the crash- 
worthiness of future cars. 
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‘Discover the unexpected rewards 
that come from doing — |, 
your own home improvements. 
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Bob Vila, Home Improvement Expert Е 2 


f 


Let Time-Life Books 
show you how fo show 
off your home and 
pw skills to their . 
st advantage. — — 


W. you take on home improvement projects, you 


have certain rewards in mind. The convenience of an extra 
bathroom. The pleasure of a spacious new deck. The added 
value that a more modern kitchen will bring. The beauty of 
a bay window. And, of course, the satisfaction you can only get 
from doing the job yourself. But let's face it. There's another 
aspect that's just as rewarding—having others admire your work 
With TIM : BOOKS' HOME REPAIR AND IMPROVEMENT 
series you'll find just the right amount of guidance to turn out 
professional looking results that people are bound to notice. Ea 
volume offers you the clear, detailed instructions you need to get 
through just about any home improvement project. And each is 
loaded with expert advice on saving money and time. 


Order now and first 
Kitchens and Кт for just $1.99. 


And here's an opportunity to save $10.00 even before you start. 
Just mail the attached card and we'll send you your first book, 
Kitchens and Bathrooms. Examine it free for 15 days. If you 
decide to keep it, you'll pay only $1.99 plus shipping and handling. 
Your kitchen and bathrooms are the most overworked rooms 
in your home. In this volume, you'll find dozens of great ideas for 


“What | wouldn’t give to 
have a new kitchen like yours:’ 


A sleek, efficient set of new cabinets can make an 
old kitchen look modern for a minimal invest- 
ment. But the trick to maintaining that look is 


making those rooms more efficient and attractive. Insights into 
the best materials for floors, countertops and backsplashes. 
Quick and easy ideas for getting the most out of cabinet space. 
And step-by-step instructions on rewiring to accommodate new 
appliances. In the end, you'll not only save money on the work, 


proper installation. 


Adding a bay window to a room 

is a relatively simple way to 

brighten and increase the space. 
Especially when you take advan- 
‚ tage of prefabricated units that 
-include glass, trim and ceiling. 


| 
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you'll add immeasurably to the value of your home. 

About every other month, you'll be sent another book on the 
same 15-day trial basis at the regular price of $11.99 a volume. 
Books like Porches and Patios, Adding On, Landscaping and 
Weatherproofing. Each promises to increase your know-how, 
experience and ultimately, your confidence. Keep only those you 
want. Cancel anytime with no obligation. 

Whether you're just looking to brighten up a room or to make 

room for a growing family, the HOME REPAIR AND IMPROVE- 
MENT series covers all the bases. Find out how to cut energy 
costs by turning a sun porch into a solar collector. Learn the most 
efficient way to install new vinyl flooring. And discover how to 
increase your living space with the simple addition of an 
upstairs dormer. 
These books will become as essential to you as your 
toolbox. They'll save you time, save you money and give you 
the satisfaction of a job well done. So why hesitate? 


Get a Free Gift. 


The 12’ LEVERLOCK tape measure 
from Stanley®. Just squeeze to 
release the rust-resistant blade. 
Squeeze again, and the blade 
returns to its case. This top-of-the- 
line tape measure is yours—abso- 
lutely free—with your purchase 
of Kitchens and Batbrooms. 


$ave nd f. 
гн і рн 
for just $1.99! 


YES! Please send me Kitchens and Bathrooms for 15-day free examina- 
tion as my introduction to HOME REPAIR AND IMPROVEMENT. Also send me 
future volumes under the terms described in this ad. With TIME-LIFE BOOKS’ 
UNCONDITIONAL GUARANTEE OF SATISFACTION, I can return any book Гуе 
paid for, at any time, for a full refund. 


Name 

s $——| 
City 

State Zip 


All orders subject to approval. 
Price subject to change. 
© 1989 Time-Life Books, Inc. 


Get a FREE Stanley® 12-foot Leverlock tape 
measure with your first purchase just | 
by drawing the missing saw | 


teeth in this emblem. 
CDPAV3 | 


BUSINESS REPLY MAIL 


FIRST CLASS PERMIT NO. 659 RICHMOND, VIRGINIA 


POSTAGE WILL BE PAID BY ADDRESSEE 
TIME 


BOOKS 


1450 E. PARHAM ROAD 
RICHMOND, УА 23280-9985 


ММ 


МО РОЅТАСЕ 
МЕСЕЅЅАКҮ 
IF MAILED 


IN THE 
UNITED STATES 


E. volume is handsomely 


hardbound with up to 136 pages 
of concise text. Detailed illustra- 
tions, diagrams and charts take 
you through every step of the job. 
You'll even find shopping lists, 
safety tips, size and grade charts 
and hundreds of shortcut ideas. 

So send in the attached coupon 
today for your copy of Kitchens 
and Bathrooms. Examine it free 
for 15 days. Keep it and pay only 
$1.99 and you'll receive the FREE 
Stanley® tape measure. 


“Science : Newsfron 


ted to computers via 21 data channels, 
simulate the reactions of humans to 
the impact forces of crashes. The dum- 
my's thorax, developed by Ogle Design 
together with Great Britain's Trans- 
port and Road Research Laboratory, 
has three identical rib modules of 
spring steel attached to a system of 
springs, pistons, and hydraulic damp- 
ers. The neck and pelvis were designed 
by French government research labo- 
ratories. The abdomen and abdominal 
instrumentation were developed by 
the Dutch Road Vehicle Research In- 
stitute. And the entire project is 
being coordinated by the Europe- 


Designed in part by NASA Langley Research Center and the Lockheed-California Co., this scale 
model of a Mach 5 jet engine inlet completed testing in a supersonic wind tunnel. 


an Experimental Vehicles Committee. 

Major car makers worldwide are now 
conducting extensive studies using 
Eurosid. 


Mach 5 tests 


The next generation of supersonic 
cruise reconnaissance and high-speed- 
transport aircraft will require engine 
inlets capable of handling the stresses 
and temperatures of Mach 5 operation. 
The structure in the photo above is a 
one-third stainless steel model of such 
an inlet, about 20 feet long. It has com- 
pleted tests in the 10-by-10-foot Super- 


ae 


most powerful superconducting mognet is 21 feet long, 13 feet in di- 
ameter, and weighs 180 tons. It’s used in MHD ship propulsion experiments. 


sonic Wind Tunnel at NASA's Lewis 
Research Center in Cleveland. The 
Mach 5 tests validated the computer 
codes NASA uses to analyze the inlet's 
performance. 


Superconducting magnets may enable 
future ships to use a revolutionary new 
propulsion system now being tested at 
the Department of Energy's Argonne 
National Laboratory in Illinois. The 
photo below shows the magnet being 
used in the Argonne tests. It is the 
world's largest superconducting dipole 
magnet and had been built earlier as 
part of an energy research program. 

In the new system, sea water will 
flow through a duct surrounded by the 
magnet. When an electric current is 
passed across the water in the duct (sea 
water is conductive), the resulting elec- 
tromagnetic force drives the water ав 
a jet. The jet propels the ship forward 
or backward, depending on the direc- 
tion of the current. 

The concept is called MHD—for 
magnetohydrodynamic— propulsion. It 
eliminates all moving parts of the 
drive system, from motors to propel- 
lers, and is therefore expected to be 
both quieter and more reliable than 
conventional designs. These qualities 
are especially attractive for naval ves- 
sels; quiet ships are hard to detect by 
sonar. The Defense Advanced Research 
Projects Agency is funding the $4- 
million project for potential U.S. Navy 
applications. 

“In the commercial sector,” says 
Argonne's Michael Petrick, “MHD 
technology could lead to large cargo 
submarines for safe, efficient shipping 
because they would have less drag than 
surface vessels and could descend to 
avoid storms. Vessels used in marine- 
biological research could benefit from 
quieter designs that would be less dis- 
ruptive to undersea life." 


Man-powered chopper lifts! 


They finally did it. The dedicated stu- 
dents at California Polytechnic State 
University in San Luis Obispo man- 
aged—barely—to achieve a successful, 
officially monitored liftoff of their 
human-powered helicopter [“Human- 
powered Choppers,” May ’88]. Pilot: 
Greg McNeil. Altitude: seven inches. 
Elapsed time: 6.8 seconds. 

This still leaves Cal Poly somewhat 
short of the requirements for the Amer- 
ican Helicopter Society’s Igor I. Sikor- 
sky Prize: a flight lasting at least one 
minute that reaches a height of more 
than 10 feet. 
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The only things it! 


are other mini-vans. 


Ford Aerostar’s combination of room, comfort - 
and versatility make it ideally suited for family 
transportation. Especially families that want to 
take it all, and do it all. 


Comfortable and roomy. 

One reason families enjoy Aerostar is because 
it's so comfortable. With a choice of seating 
options to meet your needs. And both standard 
and extended-length Aerostar have quick-release 
seats for those times you're carrying extra cargo. 
The fact is, the extended-length Aerostar has the 


Buckle up-togetherwe can save lives. ` 


most cargo room of the three leading mini-vans. 


New, standard rear anti-lock 
brakes and 4.0L V-6. 

Then there's Aerostar's versatility. With stan: 
dard rear anti-lock brakes, designed to prevent 
rear wheel lock-up and help you make straight 
stops. And plenty of V-6 power...including a 
new; available 4.0L engine* And when properly 
equipped, Aerostar is strong enoughsto tow up to 
4,900 pounds** 

Put this all together and you can see that when 


you load up an Aerostar, the only things you 
leave behind are other mini-vans. 


Transferable 6/60 powertrain warranty. 


Covers you and future owners on major power- 
train components for 6 years/60,000-miles. Ask 
to'seea copy of this limited warranty at your 
Ford.Dealer. 


Best-built American cars and trucks. 


The best-built American cars and trucks are 
built by Ford. This is based on àn average of 


consumer-reported problems in a series of sur- 
veys of all Ford and competitive 81-89 models 
desigried and built in North America. At Ford, 
“Quality is Job 17” 

*Extended-length model only. **Regular length model. Extended- 


length. model tows úp to 4,800 Ibs. ‘Towing ratings are reduced by 
passenger and cargo weight. 


Ford Aerostar 


Have you driven a Ford...lately? 


Automotive Newsfront 
By DAN McCOSH Detroit Editor with David Scott in England, Don Sherman and Herbert Shuldiner in California, 
Richard L. Stepler in Japan, and Brian Nadel 


New Mister Two 


Toyota engineers say their goals for the 
1991 MR2 were more speed, better 
handling, sharper looks, and more us- 
able luggage space. To achieve these 
aims, a clean-sheet-of-paper approach 
was taken that retains only the sports 
саг'ѕ transversely mounted mid-engine 
power-train layout. The displacement 
of the MR2’s four-cylinder base engine 
was increased, and the optional super- 
charger has been replaced by a turbo- 
charger. Most dimensions have been 
stretched to enhance sex appeal, per- 
formance, and comfort. In other words, 
the Toyota MR2 is now a genuine poor- 
man's Ferrari. 

In base trim, the 2.2-liter 16-valve 
engine (which is shared with the Celica 
GT and GT-S) produces 130 horsepower 
at 5,400 rpm. The optional turbo- 
charged and intercooled engine deliv- 
ers an even 200 hp at 6,000 rpm and 
200 pound-feet of torque at 3,200 rpm 
from two liters. A special dual-inlet 
turbine housing reduces throttle lag 
normally associated with turbocharged 
engines. 

The MR2 is available in three dif- 
ferent roof configurations: conventional 
all-metal, a T-top with transparent 
panels, and a pop-up sun roof. The MR2 
now has a lockable storage box behind 
the seats, and the trunk is about one- 
third larger; total storage capacity is 
6.5 cubic feet. A driver-side air bag, a 


ELECTRO-HYDRAULIC 
POWER STEERING 


Toyota's 1991 MR2 Turbo will be 
powered by an optional mid-mounted 
two-liter engine with a twin-inlet turbocharger 
Smoother, more rounded bodywork leads to a 
0.31-coefficient-of-drag rating. 


tilt steering wheel, anti-lock brakes, 
and power steering have been added 
to the equipment list. The power-steer- 
ing pump, located near the steering 
rack, is driven by a computer-controlled 
electric motor that eliminates the need 
to power it off the engine and run long, 
convoluted hydraulic lines from the 
car's middle section. Also, the steering 
boost can be tailored by varying the 
motor's voltage in response to the ve- 
hicle's speed and steering-wheel angle. 

While driving with Toyota consult- 
ant and former race driver Dan Gurney 
over Southern California mountain 
roads, it became perfectly clear to me 
that Toyota has made great strides in 
the MR2’s over-the-road performance. 
According to factory figures, the tur- 
bocharged model will accelerate to 60 
mph in 5.9 seconds, about the same as 
a Chevrolet Corvette L98. The MR2's 
stopping ability is vastly improved 
thanks to a new twin-piston front 
brake caliper and the addition of ABS. 
Even though the suspension still uses 
simple, straightforward MacPherson 
struts in the front and rear, the chas- 
sisis superbly balanced, and the V-rated 


60-series tires have an unshakable grip 
on the road. Gurney calls the adhesion 
"catlike," and after chasing him 
through several 100-mph sweeper 
turns, I agree with his assessment.— 
D.S. 
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Civilizing the Cruiser 


The Toyota Land Cruiser, long a sta- 
ple of the safari set, gets a needed en- 
gineering and styling update with the 
intent of civilizing it for urban use. 
Wheelbase and overall length have 
been increased to make the Land Cruis- 
er one of the longest vehicles in its 
class, which should serve to smooth the 
ride over urban potholes and rutted dirt 
trails alike. Designers also gave the 
new Cruiser a more subtle, rounded 
look, while retaining the vehicle's dis- 
tinctive shape. 

Leaf springs have been abandoned 
in favor of coil springs for both the front 
and rear suspensions. The solid front 
axle is positioned by two leading arms 
and a lateral rod, and the rear is lo- 
cated by five links. Power for the Land 
Cruiser continues to come from a push- 
rod actuated four-liter in-line six- 
cylinder engine rated at 155 hp and 
an abundant 220 lb.-ft. of torque. This 
power plant was recently updated with 
the addition of fuel injection, but the 
engine traces its roots back to the early 
1950s. —B. N. 


Single-box van 


The argument rages among minivan 
manufacturers, exactly how the power 
train should be laid out for optimum 
space efficiency and handling. Some 
say a front engine driving the front 
wheels is best; another contends that 


TRANSMISSION 


Imagine the radar detector you’ve always wanted: 
гыс Small size. Апа по power сога. 


Introducing self-powered SOLO 


“No other radar detector manufacturer has anything even close.” 


BMW Roundel 


Тын а new kind of radar detector. A high 
performance radar detector so easy to use, you'd 
never get in your car without it. 

As the makers of Passport and Escort, we have 
some rather high standards for radar detectors. 
Yet we've always dreamt of a simpler, friendlier, 
more elegant system of radar warning. 

Here's the dream 

We dreamt of freedom. Freedom from radar, 
of course. We'd never compromise our industry- 
leading performance. But our vision of freedom 
goes beyond that. 

Imagine long-range radar warning com- 
pletely free of all nuisances. There's more to 
consider than just compact dimensions. There's 
the power cord; dangling across your dashboard, 
and tangling in your pocket or briefcase. 

Тһе dream radar detector would have no 
cord. No recharger. No snap-on battery pack. In 
fact, no visible means of power. The dream 
includes anti-theft protection, too. If we're going 
to dream, why not dream of perfection. 

Dream come true 

Finally, after years of painstaking engineer- 
ing, the dream is a reality. We call it Solo, 
because it stands alone, never needing a cord. 

Solo is a totally new concept in radar warning: 
the first self-powered radar detector. All you do is 
attach Solo to your visor or windshield, and 
switch it on. It's that easy. 


Solo comes complete with all accessories. including visor and 
windshield mounts that instantly conform to any car, but 
fold flat for convenient carrying. Both designs are patented. 


© 1990 CM 


With all the performance and features of our 
test-winning Passport, self-powered Solo provides 
high performance radar warning with no power 
cord. Within its tiny (%” x 2" x 412") magnesium 
housing it contains its own power source. 

Fifty times more efficient than conventional 
detectors, Solo uses a single 9-volt battery to 
operate 200 hours. If you use Solo one hour a 
day, the battery will last over six months. (Even 
at two hours a day, you'll get over three months.) 

The experts agree 

AutoWeek called Solo “the most user-friendly 
radar detector yet... we fell in love at first beep’. 

Solo couldn't be easier to use. No worries about 
cords or recharging. And Solo maintains 100% of 
its performance over its entire battery life (by 
digitally monitoring the battery). There's even a 
special circuit that turns Solo off if you forget. 

When it's finally time to replace the battery, 
Solo tells you five hours in advance so you have 
plenty of time to plan ahead. Then a 9-volt 
lithium battery will add another 200 hours (a 
standard 9 volt alkaline will provide 80 hours). 


Call Toll Free 800-543-1608 


Call 24 hours, 7 days a week 


$345 ohio add $2070 tax. Canadians add $40. 


=a ems 


Cincinnati Microwave 
P Department 701630 
One Microwave Plaza 
Cincinnati, Ohio 45249 


Self-powered Solo brings cord-free radar pro- 

tection for only three cents an hour. 
Security system 

Solo's design also incorporates our exclusive 
Digital Key theft-deterrent system, When you 
insert a new battery, you use your tiny Digital 
Key to restart Solo's electronics. Without the key, 
thieves will have little use for your detector, 


Зоо super efficient design never needs a power cord. A 9 volt 
battery provides 200 bours of power — several months of radar 
protection for most drivers (at a cost of only three cents an bour). 


Experience the freedom 

Imagine the first radar detector so easy to 
use you'll never get in your car without it. A 
5% ounce wonder that slips into its leather case 
and fits in your shirt pocket for easy carrying. 
Aprecision instrument you just clip on your 
visor and switch on. Imagine a Solo of your own. 

A special offer lets you try Solo at no risk. 

Call toll-free 

Designed and manufactured at our facility 
in Cincinnati, Solo is available from us only. 

For more information, or to order, just call our 
radar experts toll-free (we're here seven days a 
week). Solo includes all accessories, and is backed 
by our usual one-year limited warranty. 

Here's our offer: Simply, we guarantee your 
satisfaction. If you're not completely satisfied, 
return your purchase within the first 30 days. 
We'll refund your money and your shipping cost. 

Once you try self-powered radar protection, 
nothing else will do. Order today. 


rear-drive is a must; one manufacturer 
even places the engine behind the rear 
wheels. With the Previa, Toyota locates 
the engine and transmission amid- 
ships under the floor—a first for the 
0.5. market. In standard form, 
power flows to the rear wheels. A 

full-time four-wheel-drive option 

is available. 

Hiding the engine and transmission 
out of the way under the floor was no 
small undertaking for Toyota engi- 
neers. А special engine design was nec- 
essary to achieve Toyota's three pri- 
mary objectives: optimum interior 
space, futuristic interior and exterior 
design, and good dynamic balance. 
Toyota engineers chose a 2.4-liter 
16-valve in-line four-cylinder engine 
for the job. While there's nothing un- 
usual about that, three features al- 
lowed packaging the 138-hp engine out 
of the way: a flat mounting arrange- 
ment, a remote oil reservoir, and a for- 
ward location for all engine-driven 
accessories. 

To reduce the height of Previa's en- 
gine to only 17.3 inches, it's laid over 
on its side at a 15-degree angle from 
horizontal. Engine mounts that are 
stiffer in the vertical axis than the hor- 
izontal are used to minimize vibration 
that is transmitted into the cabin, ac- 
cording to Toyota. А two-liter oil res- 
ervoir under the hood automatically 
supplies oil to the engine when neces- 
sary, practically eliminating the need 
for a dipstick. (It's accessible through 


a small hatch located under the driv- 
er's seat.) À warning light on the in- 
strument panel alerts the driver if the 
tank goes dry. To maintain access to 
the engine's cooling fan and radiator, 
air-conditioner compressor, power- 
Steering pump, and alternator, they are 
mounted well forward under a short 
hood and powered by a 31-inch-long tu- 
bular shaft driven by the engine. 
The interior of the Previa benefits 
from a long floor with minimal power- 


The Toyota Previa minivan takes the single-box styling theme to the extreme. Its well laid-out 
instrument panel features a large central speedometer. 


The Mitsubishi 300067 (right) and the Dodge Stealth (left) share drive-train components and 
platform, but each company went its own way on styling the sport coupe. 


train intrusion. Seating can be con- 
figured for five, six, or seven passen- 
gers. The center seats are easily re- 
moved, and the rear-mounted bucket 
seats are hinged to swing up against 
the Previa’s sidewall to clear the space 
between wheel wells to accommodate 
four-by-eight-foot sheets of plywood. 
While driving the Previa I was im- 
pressed by its carlike handling. Sur- 
prisingly enough, this mid-engine 
minivan sounds like a conventional 
front-engine design because the prin- 
cipal source of noise—the cooling fan 
—is up front. The floor is a bit higher 
than Chrysler’s Caravan/Voyager mini- 
vans, but in every other respect this 
new Toyota minivan is a model of space 
efficiency. It will be a capable contend- 
er in the thriving minivan market.— 


D.S. 


Twin turbos 


The features of Mitsubishi’s 3000GT 
and its under-the-skin twin, Dodge 
Stealth, read like a laundry list of to- 
day’s state-of-the-art sports-car tech- 
nology: all-wheel drive, four-wheel 
steering, anti-lock brakes, electroni- 
cally controlled suspension, and a twin 
turbocharged and intercooled four- 
valve-per-cylinder three-liter V6 en- 
gine that produces 296 hp at 5,500 rpm 
and 307 lb.-ft. of torque at 2,500 rpm. 
The only transmission offered in these 
top-of-the-line models is a Getrag-made 
close-ratio five-speed manual. 

In a day of driving on the high-speed 
oval at Mitsubishi’s Kitsuregawa Prov- 
ing Ground north of Tokyo, I found 
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Power 
is being 
restored. 


You say the juice just isn't there 

hen you step on the gas? 
Well, before that power shortage 
turns to a complete power 
outage, take your GM car or 
truck to your GM dealer for a 
Mr. Goodwrench Tune-Up. 

Mr. Goodv ch has the GM 
diagnostic equipment and GM 
factory training it takes to 
pinpoint problems. He also has 
the genuine GM parts to get 
your CM powerplant up to speed. 
Including AC spark plugs and 
filters 

It all boils down to this: When 
you need your car to run right, 
you need a Mr. Goodwrench 
Tune-Up. Now at over 7200 
General Motors dealerships 
coast to coast — wherever you 
see these signs 


Because it's not just a car... 
it's your freedom. 


Automotive Newsfront 


both cars to be remarkably stable and 
predictable performers. Mitsubishi 
claims a 0-to-60-mph acceleration time 
of 5.4 seconds, with a quarter mile time 
of 13.9 seconds and a top speed of 160 
mph. At Kitsuregawa I attained an in- 
dicated 145 mph in two pre-production 
prototypes. 

The aggressively styled 2+2 coupes, 
which rate a 0.33 coefficient of drag, 
ride on massive 245/45ZR17 tires and 
17-inch aluminum wheels. The 3000GT 
adds on an “active aero” system: At 
speeds above 50 mph, the front air dam 
automatically lowers and the rear 
Spoiler increases its angle of attack to 
increase stability at high speeds. 

The coupes' all-wheel-drive system 
employs a center differential with a vis- 
cous couple unit (VCU) that splits 
torque 45:55 between the front and 
rear wheels. In the event of tire slip- 
page, the VCU automatically reduces 
power to the higher rpm (slipping) 
wheels to match the rpm of the slower 
wheels. The VCU also functions as the 
anti-lock braking modulator, prevent- 
ing any one pair of wheels from locking 
under sudden braking. 

Mitsubishi's four-wheel-steering sys- 
tem operates only at speeds above 31 


Ford's Escort is the top-selling compact by 
a Big Three car maker. That's something 
Ford never tires of boasting about. How- 
ever, the company reportedly loses money 
on every Escort it sells. That's something 
Ford executives don't boast about. So why 
would Ford invest $2 billion to bring out a 
completely new Escort for 1990? 

Тһе 1990 Escort and its twin brother 
Mercury Tracer will be built on the Mazda 
323 platform with two power-train choices: 
a 1.9-liter Ford engine or a 1.8-liter Mazda 
unit. Exterior styling of the hatchback and 
notchback cars comes from Ford's Dear- 
born, Mich., design studio. The new car is 
about 70 percent Mazda and 30 percent 
Ford, according to Ford. The Escort/Tracer 
will be built in Ford's Wayne, Mich., and 
Hermosillo, Mexico, plants where domes- 
tic content will be between 75 and 82 
percent—the amount necessary to qualify 


as a domestic car. And that's why Ford is 
willing to lose money on the high-volume 
compact: to achieve the minimum CAFE 
(Corporate Average Fuel Economy) rating 
of 27.5 mpg, Ford needs to sell roughly 
two Escorts (EPA rated at 32 mpg city, 42 
mpg highway) for every Lincoln Town Car 
(EPA rated at 17/24) it sells. In the world 
of automotive economics, it pays to subsi- 
dize fuel-efficient cars with high-profit gas 
guzzlers. Max Jurosek, Ford vice president, 
explains: "We're not conceding the low end 
ofthe car market to the Japanese. You can't 
live with CAFE and give that up." 

| recently drove 1989 and '90 Escorts 
back to back, and the new model struck 
me as more responsive and agile than its 
predecessor. To my eye, the styling is also 
more contemporary. The new Escort gives 
Ford a car that is competitive with the 
world's best compacts.—H. S. 


“CHAMPION IS A REGISTERED TRADEMARK OF CHAMPION SPARK PLUS COMPANY. "SWITCH IS A TRADEMARK OF GNB INCORPORATED. 


mph and steers the rear wheels in the 
same phase as the front wheels to im- 
prove lane-change and evasive maneu- 
vers at high speeds. The company says 
its research indicates that low-speed 
or opposite-direction rear-wheel steer- 
ing is undesirable. 

A feature I found puzzling is the car’s 
dual-mode muffler. By flipping a switch 
on the instrument panel, the driver can 
cut engine noise below 3,000 rpm for 
more socially responsible city driving. 
This is accomplished by increasing 
back pressure in the muffler system 
and reducing engine power. I noticed 
little difference in sound levels in the 
pre-production cars I drove, however. 

While final EPA mileage ratings are 
not in, Mitsubishi says the high-per- 
formance sports car will not be sub- 
ject to the gas-guzzler tax and should 
rate a combined city/highway number 
of about 23 mpg. The Mitsubishi 
3000GT and Dodge Stealth go on sale 
this fall at about $30,000. Both com- 
panies will also offer less expensive 
front-wheel-drive models with non- 
turbocharged engines and optional au- 
tomatic transmissions. Prices for these 
versions will likely fall in the mid to 
high teens.—R. L. S. 


CONTROLLER/POWER 
CONVERTER 


ELECTRONIC 
TWO-SPEED 
TRANSMISSH 


ELECTRICALLY DRIVEN 


POWER BRAKES AND STEERING 


Plug-in minivan 

A fleet of electrically powered vehicles 
has been proposed as one of the many 
possible solutions to Southern Califor- 
nia's ubiquitous smog problem. An 
electric urban delivery van, because of 
its minimal speed requirements and 
nightly access to a centralized recharg- 
ing facility, is a likely first step to this 
end. The Electric Power Research In- 
stitute (EPRI) has sponsored proto- 
types and the upcoming production of 


The Chrysler Caravan has been fitted with 
nickel-iron storage batteries under the floor 
and an electric power train to produce an 
experimental urban delivery vehicle. 


a cargo-carrying GMC Vandura. The 
vehicle goes a long way toward achiev- 
ing that goal. The so-called *G-van" 
uses conventional lead-acid batteries 
and as a result has a curb weight of 
1,050 pounds—more than a ton heav- 
ier than its gasoline-powered cousin. 
This limits the G-van's range to 60 
miles of urban driving and its payload 
to 1,500 pounds, according to EPRI. 
Twenty-five prototype vehicles are un- 
dergoing over-the-road evaluation. The 
projected price is estimated at $35,000, 


YOU'RE FORGIVEN. 


ABE am gai 2, 


It's two batteries in one. If you've drained 
the main battery, just lift the SWITCH™: 


That engages the reserve. Start the 


Vu 


itch back-and the main 


_ battery will recharge as you drive. 
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when production starts later this year, 
according to EPRI. 

More technologically advanced is a 
prototype based on the Chrysler Car- 
avan, dubbed TEVan, that could be in 
production as early as 1992. A 35 hp 
DC motor in conjunction with an elec- 
tronically controlled two-speed trans- 
mission drives the front wheels (see 
drawing). Current comes from 30 six- 
volt nickel-iron batteries with a potas- 
sium hydroxide electrolyte mounted be- 
low the van's floor. While the power 
pack weighs in at a hefty 2,100 pounds, 
it is about one-third lighter than con- 
ventional lead-acid batteries of the 
same capacity. To increase range by up 
to 15 percent, the drive motor acts as 
a generator to recover energy when- 
ever the brakes are used. This regen- 
erative braking is similar to a system 
currently used on diesel-electric train 
locomotives. 

The TEVan still suffers from reduced 
payload, range, and, inevitably, im- 
practicality for general use. The van 
carries a maximum of 1,200 pounds 
over 120 miles between charges, reach- 
es a top speed of 65 mph, and acceler- 
ates to 50 mph in a sedate 14 seconds, 
say EPRI engineers.—B. N. 


Stirling cooling 

A Stirling cycle engine uses rapid heat 
transfer in an extremely light work- 
ing fluid to drive a piston and produce 
power. The engine had a brief chance 
at powering a passenger car when Ford 
spent millions on research during the 
mid-1970s energy crisis, then lost its 
glamour when gasoline prices fell. Now 
Stirling Thermal Motors Inc. of Ann 
Arbor, Mich., is proposing that a Stir- 
ling cycle could also become a viable 
heat pump that would serve as the ba- 
sis of a new type of automotive air- 
conditioning system. Stirling-cycle 
heat pumps normally aren't as efficient 
as conventional evaporative cooling 
units, but an expected phasing out of 
ozone-depleting CFC refrigerants may 
degrade conventional air-conditioning 
performance to the point where a Stir- 
ling-cycle heat pump is at least on a 
par, claim STM engineers. 


Camaro with cubes 


At first glance, it might seem like 
wretched excess to shoehorn a 454-cu- 
bic-inch-displacement (7.4-liter) V8 
into a Camaro's engine bay. But that's 


what Chevrolet did to hint at where it 
might be aiming its sport coupe. Tire 
smoke has its own special appeal, and 
when you consider this beast clocks 
0-to-60-mph times barely a half-second 
slower than the exotic ZR-1 Corvette, 
it becomes yet another argument that 
finesse sometimes succumbs to brute 
force. In “stock” form, the experimen- 
tal 454 IROC-Z churns out 400 hp with 
440 Ib.-ft. of torque. A high-output ver- 
sion of the same block goes even fur- 
ther, making 523 hp with 572 lb.-ft. of 
torque. Even the “basic” 454 produces 
sufficient power to light up the tires 
when the automatic transmission 
makes the gear change from first to 
second. Future fuel-economy consider- 
ations may yet kill the project, but 
Chevy insiders hope at least a limited 
number of 454 Camaros make it to the 
street in the next few years. 


Recall of the year 


The Lexus LS 400 sedan, our choice 
last December for car of the year hon- 
ors, was recently the subject of a vol- 
untary recall. The recall concerns two 
items: a cruise-control actuator that 
could stick at its most recent speed set- 
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EU 


WHEN YOU JUST CAN'T WAIT TO GET STARTED. 


Pound for pound, the most powerful automotive battery you can buy. 
Call 1-800-447-4700 Ext. 52 for your nearest retailer. NT 


ting and the rear high-mounted stop- 
lamp housing that could melt after ex- 
tended use, says Davis Illingworth, 
Lexus vice president and general man- 
ager. Another item is part of a service 
campaign based on complaints of run- 
down batteries due to alternator con- 
nectors that had worked loose. Accord- 
ing to Illingworth, this action is the 
result of a total of six complaints out 
of over 8,000 LS 400 sedans sold. The 
vast majority of complaints so far have 
been of the customer-preference type. 
The two most common: The sun visor 
is too thick to clip the garage door 
opener onto it, and the horn isn't loud 
enough.—B. N. 


Broadening the Blazer 


A new character emerges when Chevy's 
Blazer is stretched by half a foot and 
an extra set of doors is added. The ex- 
tra length in the wheelbase allows 
repositioning of the rear seat ahead of 
therear wheel wells to add a whopping 
15 inches of hip room. The rear doors 
almost make the four-door Blazer a 
mini-minivan—an incentive for those 
interested in a utility vehicle instead 
of a conventional station wagon. 


E FIVE GEARS, NO CLUTCH PEDAL! 


To improve top-gear smoothness and the fuel 
economy of its sedans, Nissan engineers have 
added a gear to the company's four-speed 
automatic transmission, producing a five- 
speed automatic. This technological devel- 
opment puts Nissan in a virtual tie with 
Toyota and Mercedes-Benz in getting the first 
five-speed automatic transmission to market. 
The transmission is electronically controlled 
and even adjusts hydraulic pressure over the 
life of the transmission to compensate for 
clutch wear. There are three planetary gear 
sets to achieve five gear ratios: the familiar 
pair in the center of the transmission body 
and an auxiliary two-ratio planetary near the 
output shaft (see drawing). This gives the 


PRIMARY PLANETARY GEAR SETS „AUXILIARY 


VALVE BODY 


five-speed automatic an extra 1.38:1 ratio 
that is used for the first three gears and re- 
verse. The auxiliary gear train's alternative 
1:1 mode is used for fourth and fifth gears. 

On the road, this gives the five-speed the 
best of both worlds: shorter gearing for bet- 
ter acceleration and passing, and a taller final 
drive ratio for quieter, more efficient high- 
way cruising. The transmission has three shift 
modes: auto, power, and snow, for slippery 
surfaces, when the car starts off in third gear 
to avoid wheelspin. The five-speed automatic 
has been introduced in Japan on the Cedric 
and Gloria sedans. Nissan officials say they 
have no plans at present to bring it to the 
United States.—B. N. 
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A short drive on the highway quickly 
demonstrates how the extra length 
helps eliminate the bob-and-weave 
characteristic of most short wheelbase 
utility vehicles. In addition, the four- 
door Blazer also features a new four- 
wheel ABS option, one of a growing 
number of four-wheel-drive vehicles to 
do so. The base engine is a 160-hp 
4.3-liter V6 that produces 230 lb.-ft. 
of torque. 


New-age dinosaur? 


Unless it was a squad car in the rear- 
view mirror or a taxi on a rainy day, 
it’s been a while since anybody paid 
much attention to Chevrolet’s full-size 
Caprice sedan. Chevrolet recently 
unveiled the first major revision in 
more than 13 years for its full-frame 
rear-drive V8-powered “standard” se- 
dan. The 1991 Caprice is slightly wider, 
longer, and taller than the model it re- 
places, which translates into more 
front-seat shoulder and hip room. 
Strictly speaking, the 1991 Caprice 


LIGHTER-THAN-AIR DRIVE SHAFT? 


Not exactly, but this carbon-fiber drive shaft 
designed for the Renault Espace Quadra 
minivan weighs 3.3 pounds, half that of a 
comparable steel shaft. It can also be 
constructed in a single piece, eliminating 
the need for a center joint.—D. Scott 


is more of a restyling effort than a re- 
design of GM's basic rear-drive plat- 
form. The sleeker, more aerodynamic 
body benefits from structural stiffening 
that has eliminated much of the an- 
noying noise and vibration that hurt 
the ride of the old car. Base-level sus- 
pension tuning is aimed at maximum 
softness, though this is often at the ex- 
pense of roll and pitch control. The 
upgraded suspension consists of slight- 
ly stiffer springs and shock absorbers 
to quell the pitching without adding 
any grumbling over tar strips and road 
bumps. At just over 3,900 
pounds, the new Caprice is 
about 200 pounds heavier 
than the old model, but is pow- 
ered by the same five-liter V8 
equipped with throttle-body fuel injec- 
tion that produces 170 hp and 255 
lb.-ft. of torque. 

Is it a dinosaur? Maybe. Chevrolet 
engineers admit that little effort was 
expended on trimming the Caprice’s 
weight with high-tech materials. But 
trailer-towing capacity, spaciousness, 
and smooth operation are the primary 
goals for this type of car. It's also worth 
noting that despite all the cast iron and 
steel parts, the new Caprice is still ligh- 
ter than Infiniti’s ultra-high-tech Q45 
sedan—an automobile considerably 
smaller in all dimensions, with an 


The 1990 Caprice adopts the sloping li 


Chevrolet's four-door $-10 Blazer grows by six inches to accommodate an extra pair of doors. 


aluminum engine. And unlike the 
Q45, the Caprice's slow-turning V8 
engine doesn't incur a gas-guzzler 
penalty. 


News briefs 


* Honda says it has integrated a 
three-channel anti-lock brake system, 
a viscous limited-slip rear axle, and a 
computer to disengage the rear-wheel 
drive automatically when the brakes 
lock. 

* Jaguar will produce a limited 
number of 500-hp XJ220 supercars. 
The structure is expected to be made 
mostly of aluminum and fastened with 
high-strength adhesives to give stiff- 
ness, strength, and crashworthiness 
comparable to steel but at a 50-percent 
weight savings. 

* According to a recent poll by the 
Union of Concerned Scientists, a ma- 
jority of Americans strongly favor a 
Corporate Average Fuel Economy level 
of 45 mpg. 

* Toyota has started production of 
engines and axles at its Georgetown, 
Ky., plant. 

* According to Reynolds Metals Co. 
chairman William O. Bourke, the av- 
erage American passenger car will con- 
tain 176 pounds of aluminum in 1990, 
up from 169 pounds in 1989. 07 


ofa jellybean to get a 0.33-coefficient-of-drag rating. 
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and smart. 1 е Army can train you to repair and maintain those sys- 
But the Apache attack helicopter doesn't fly by itself. tems—important skills that can help you get an edge on life. 
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By WILLIAM J. HAWKINS with Elizabeth Comte 


Above: Steve Smith at work with a 


Read my lips 


To a computer, the human voice is an 
endless supply of conflicting data. For 
voice recognition, the best the machine 
can do is analyze sounds and guess the 
word based on the closest match to 
sounds saved in its memory. For many 
applications that’s sufficient. If the 
computer misunderstands a word and 
performs the wrong action, you sim- 
ply say it again. But for critical jobs 
—such as flying a jet plane or control- 
ling the space shuttle—there’s little 
room for mistakes. So Steve Smith, as- 
sistant flight engineer at Hamilton 
Standard in Windsor Locks, Conn., 
developed a novel approach to word rec- 
ognition: His system reads your lips. 
Smith focuses a video camera on the 
user’s lips and has a computer analyze 
the video signal for lip movements that 
characterize a word. The results are 
then combined with those from a word- 
recognition program. Smith found that 
his lip-reading approach significantly 
increases recognition accuracy, partic- 
ularly on words that sound similar. 
Because of the enormous amount of 
video information to be analyzed, the 
recognition process at present is too 
slow for practical use. “The data must 
be streamlined and condensed to a 
manageable level,” says Smith. An- 


ition 


prototype voice-recognition system that reads lips to supplement 
audible entries. The system could be used for high-speed aircraft control. 


other problem to solve is the effect of 
different lighting on the image, Smith 
says. That could be corrected by mount- 
ing the camera in a helmet where light 
levels can be controlled. “The helmet 
could be tremendously helpful in the 
high-noise environment of a cockpit 
where acoustic recognition does poor- 
ly,” says Smith. 

Supreme idea 

When the Supreme Court talks, only 
a few get to listen, and it takes time 
for decisions to be distributed through 
clerks and lawyers. Now that could 
change. Under a program called Proj- 
ect Hermes (the messenger to the 
Greek gods), decisions will be distri- 
buted via computer bulletin boards. 
Results that sometimes could take 
months to get will be available to ev- 
eryone in minutes. 

Thinking fast 

One way to increase the speed of a com- 
puter is to add more processors to work 
on the problem. (Two heads are better 
than one.) Called parallel processing, 
the technique is used by some of the 
world’s fastest computers. But try to 


add too many processors and a prob- 
lem develops: You can’t squeeze in 


enough wires to attach all the circuits 
together. So Honeywell and Thinking 
Machines Corp. developed a new ap- 
proach. Using just two optical cables, 
the companies replaced more than 
1,000 wires in a Connection Machine 
computer. The demonstration system 
contains two 8,000-processor subsys- 
tems attached with the two fiber links. 
In tests of the system, it was shown 
that when the two subsystems worked 
together—to form a 16,000-processor 
system—the speed doubled. That not 
only proved the feasibility of the de- 
sign, but showed that future comput- 
ers—containing millions of processors 
—are possible. 


Gigabit per inch 

IBM scientists have demonstrated a 
new computer hard disk that stores a 
billion bits—a gigabit—of information 
on a single square inch of disk surface. 
That density is at least 15 times higher 
than conventional hard disks, and it 
means every square inch of disk space 
could hold 100,000 double-spaced type- 
written pages. 

The experimental system uses a 
dual-element thin-film recording head 
that flies above the disk at a mere two- 
millionths of an inch—that's so close 
even light can't get through the gap. 
The head detects minute changes in 
electrical resistance due to the chang- 
ing magnetic fields in the disk. 

While components for the new hard 
disk are made using conventional tech- 
niques, IBM speculates it will still be 
years from now until gigabit disks are 
available. 


Stacking the deck 
Floppy disks were first invented by 
IBM as a way to transport new pro- 
grams from the company's software de- 
velopment center to machines in the 
field. The disks were not meant for sav- 
ing data permanently. Of course, that 
changed when PCs were invented and 
an inexpensive data-saving technique 
was needed. Despite their success, 
floppy diskettes have retained their 
problems: They don't hold enormous 
amounts of information, and they're 
slow. One possible cure: memory cards, 
such as the Star Card from ITT Canon. 
The Star Card is a solid-state ran- 
dom-access memory device that holds 
up to one megabyte of data. Like a 
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floppy, the card can be removed to save 
or transport data. But unlike a disk, 
it's fast and impervious to dust or other 
contaminants. 

The card is designed to be used with 
the company’s reader—an eight-slot 
file box that accepts up to eight cards 
at once for up to eight megabytes of 
storage. Now you use the cards just like 
a disk—the disk-operating system 
takes care of saving or retrieving data 
as you need them. But a future design 
will let you use the cards as additional 
random-access memory too. 

Made by ITT Canon, the Star Card 
system is $850 and comes in two ver- 
sions: an external model (shown here) 
and an internal model that replaces a 
standard 5.25-inch half-height drive. 
ITT Canon, Components Division, 1851 
Deere Ave., Santa Clara, Calif. 92705. 


Sports editor 


Editing a home videotape can be a 
time-consuming experience. But try 
editing a tape 10 different ways. That’s 
the problem many high school, college, 
and professional coaches have when a 
variety of trainers and players want 
to see particular plays. Now a computer 
system—linked to a VCR—solves the 
problem. 

Made by Sports-Tech International 
of Fort Lauderdale, Fla., the video 
editing computer lets you watch the 
complete tape on a monitor—but as 
you do, you enter simple commands to 
mark special sections. For example, 
you could mark defensive plays, only 
plays on third and goal, or ones with 
punt returns. When you're finished, the 
computer sorts through the tape and 


The eight-card Star Card system from ITT Canon 
works like a disk drive except with instant 
results. 


rerecords as many as 10 edited versions 
in an hour. While the clever system 
could help strengthen a team’s play, it 
will cost them. The system starts at 
$40,000 and can go as high as $200,000 
with additional cameras and peripher- 
als.—E. C. 


Emergency phone call 


The Environmental Communications 
Organization in Houston has developed 
а computerized phone-calling system 
that can call 100 numbers a minute 
and deliver a 30-second message. The 
system is designed to alert residents 
of potentially hazardous areas of what 
to do if an emergency occurs. The sys- 
tem is not intended to replace conven- 
tional emergency action plans. 


Sky worthy 


The US. Air Force is developing an 
artificial intelligence computer system 
that "learns" how to detect flaws in air- 
craft parts. The computer begins by 
scanning the X-rays of components for 
defects. If one is found, its type and 
location is saved in memory. Then, 
when the system checks other similar 
components, it knows what to look for 
and where to look for it. 


What time is it? 

Turn on your PC and its internal clock 
should be correct... at least within a 
minute or so. For most of us, that's ac- 
curate enough. But for some users in 
accounting, manufacturing, security, 
and other time-intensive areas, it sim- 
ply won't do. The cure is a $300 plug-in 


circuit board for your 

PC from Coordinated 

Time Link of Sunny- 

vale, Calif. The board 

is actually a 10-meg- 

ahertz receiver tuned 
tothe WWV/WWVH signals transmit- 
ted by the National Institute of Stand- 
ards and Technology. The transmission 
contains the time—correct to within 
20 milliseconds—set by an atomic 
clock. Leap year, time zones, and day- 
light-saving time are automatically 
taken into account by the included 
software. 


Virus information 


If you're concerned about virus attacks 
on your office computer system, send 
$2.50 to the Superintendent of Docu- 
ments, U.S. Government Printing Of- 
fice, Washington, D.C. 20402 and ask 
for stock number 003-003-02955-6. 
You'll receive a copy of Computer Vi- 
ruses and Related Threats: A Manage- 
ment Guide. 


Robots on the cheap 


Researchers at the Georgia Institute 
of Technology have created a low-cost 
vision system that could be used to 
guide future robot arms or automate 
vehicles. The camera uses a conven- 
tional CCD chip as the imaging device, 
but instead of using a lens, the chip 
sees the subject through a tiny pinhole 
that focuses and passes only a small 
amount of light. A strobe, placed near 
the camera, illuminates only specific 
parts of the subject—orientation points 
that are made of reflective material. 
Because only the reflective points are 
seen by the CCD chip, very small 
amounts of data need to be digitized 
and processed. That makes the system 
fast and inexpensive—only about $200 
for the components. 

The initial application for the sys- 
tem is guiding automated vehicles 
through an industrial facility. Reflec- 
tors on the walls provide the orienta- 
tion points the vehicles need, eliminat- 
ing the usual stripes and guide wires 
along the floor. 


Look into my eyes 


California's Department of Motor Ve- 
hicles is testing biometric technology 
—an automated fingerprint identifi- 
cation system and a retinal scanning 
technique—as a way to identify driv- 
ers. Made by Orkand Corp., the new 
identification methods will also be used 
to gather more accurate data about 
commercial license holders. us 
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you don't, just Send us roof of purchase Spectacular 
with a note year and make 
of your car. We'll refund your $14.25 
immediately . 
Send for Tu tocay and prove layou: 


ine amazing ратаво Ki yox cira 


t 
оек call TOLL-FREE any time, eet 
day. 


1-800-922-0075. 
(in New TTL call 201-825-8110.) 


О ONE 8 oz. bottle... treat one car for 

i $14.25 (plus $3.50 shipping and 

handling). See money back 
guarantee. 


1 О ТМО 8 oz. bottles... 


treat two cars. 
for $25.00 (plus $4.00 shipping 
and handling) SAVE $6.00 


O ONE Quart bottle . . . treat 4 cars 
for $34.95 (plus $4.00 shipping 
і and handling) 


О ONE GALLON . . . treat 16 cars for 
$125.00 (plus $6.00 shipping and 
$ handling.) 
We ship within days! 
| MONEY BACK GUARANTEE ОМ 8-02. 


"TUFOIL* 
SLIPPERIER 
THAN 
TEFLON* " 
UNIVERSITY TESTS WORLDWIDE 
Reported widely in famous Боер 
Тһе туу of South 


[нш 1 Technion University (saa). 
inadian Cold Region Lab, d 
Government's most prestigious lab and 
many others. 


ONE-TIME TREATMENT? 


Forget 1 There is no 
апу reepeciod gola Dinen oaan 
stantiate such claims. 


Engines last longer 
with Tufoil 


Our customers tell it best: 


Мапу customers’ са cars have passed 
list grows rapidly. 


edgewisel 
Pod Oto. a truck driver called in with over 
nies on « diesel ага Tura = 
[ре customer from Vermont added 10% 
Tufoil to his mechanical transmis- 
sion, called in and said he couldn't believe 
i. -Shifing ie ike sicing butter now!" he 


SAAB owners аге writing letters praising 
Tufoil in their "NINES" magazine. They 
reported spectacular improvements in 
their engines and manual transmissions! 


Fluoramics, Inc. ^539» 
103 Pleasant Avenue 
Upper Saddle River, N.J. 07458 
My check or money order for $ ______ is enclosed. 
Charge my credit card: 
O Am. Express 
Card No. 
Exp. Date 
Phone No. 


OMaster Card D Visa 


Name 

Address 

City 

ш. _ 27b 

(N.J. residents please add 6% sales tax). 
Canadian Distributor: 1-800-363-7753 
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Home Newsfront 


By V. ELAINE GILMORE with David Scott and Judith Anne Yeaple 


Games painters play 


Home centers and decorating stores are 
starting to look like video-game par- 
lors. First Weyerhaeuser introduced 
DesignCenters, computer kiosks where 
customers can design decks (and now 
shelving and garages as well) with all 
the benefits of a computer-aided de- 
sign program [“HNF,” July ’89]. Then 
Formby’s came along with computer- 
ized Wood Finishing Centers, where 
you can consult an electronic expert 
about that sort of problem [“HNF,” 
Nov. '89]. 

Now Benjamin Moore brings you the 
Video Color Planner. Step up to this 
computer and you can repaint your 
house, in color after color. No prep re- 
quired, no mess to clean up. 

More than 1,800 Benjamin Moore 
paint colors are in the computer, along 
with 16 house exteriors (in snow-belt 
and sun-belt settings) and six differ- 
ent rooms in 16 styles. Controls are 
simple: a big red button and a rotat- 
ing track ball (a cursor-moving device 
similar to an upside-down mouse). 

You start by selecting from a menu 
of pictures the exterior or room setting 
that best approximates your own. Then 
you choose a color, move the cursor to 
the target area of the picture, and press 
the red button. Zap—that area is sud- 
.denly the color you chose. Want to see 
it in another color? Just repeat the 
process. But you liked the one before? 
Put the cursor on the oops box and 
push the button. The color reverts to 
your previous selection. 

When you've got what you want, you 
move the cursor to the PRINT box, press 
the button, and the code numbers of 
your chosen paints come clattering out 
of the printer. 

Video Color Planners should start 
appearing in stores this spring, and 
several hundred are expected to be in 
place across the country by midsum- 
mer. By fall, say Benjamin Moore 
officials, the computers are to be up- 
graded to scan in photos of your house. 
No more approximations. 


They know as they go 


Electronic utility meters now being in- 
stalled in British homes show residents 
the up-to-the-minute cost of their 
month's electricity, gas, and water. The 
compact monitor displays each in turn 
at the touch of a button. 
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When other buttons are pushed, it 
displays the current unit rate for each 
service (by kilowatt-hour, cubic foot, 
or gallon), and informs the householder 
when lower or higher rates apply. The 
meter also can tell the total electric 
load, or the gas or water usage of the 
house at any given moment. 

The purpose of the meter is to en- 
courage more efficient use of energy 
by helping consumers take advantage 
of special tariffs and off-peak rates. The 
information data on cost and consump- 
tion come from the utilities via the tel- 
ephone line, television cable, or elec- 
tric power line. 

The meters are made by Mullard, 
Ltd., in Surrey, England.—D. S. 


The great bug bake-out 


Walter Ebeling, 81-year-old professor 
emeritus of entomology at the Univer- 
sity of California at Los Angeles, re- 
ports that one of the most satisfying 
moments of his career came when he 
sat in a 120-degree-F room and 
watched, as four species of insects died. 

While this might not be everyone’s 
idea of a career high, Ebeling was 
testing the temperature tolerance of 
bugs, hoping they’d expire in the heat. 

The significance of the test is obvi- 
ous, he told the American Entomolog- 
ical Society: Heat can be used to rid 
homes and other structures of insects. 
Toxic chemicals aren't needed. 

“Insects have surprisingly low tol- 
erance for temperatures above or be- 
low their normal range," Ebeling ex- 
plains. “All the insects we've worked 
with are dead at 120 degrees Farenheit 
after thirty minutes or less." That 
rogue's gallery includes termites, pow- 
derpost beetles, cockroaches, fleas, 
flies, ticks, ants, silverfish, moths, and 
spiders. The heat kills not just the 
adults, but also the eggs and larvae, it 
is claimed, a shortcoming of many 
sprays. Subterranean bugs will escape, 
however; the earth keeps them cool. 

Scattered reports of successful bug 
bake-outs go back at least as far as 
1916. In the “Farmer’s Bulletin” dated 
October 24 of that year, one C. L. 
Marlatt, entomologist and assistant 
chief of the U.S. Department of Agri- 
culture, recommended firing up the 
farmhouse furnace in midsummer to 
rid the house of bed bugs. 

But it was not until Ebeling and his 
partner, the late Charles F. Forbes, got 
interested that thermal extermination 
was scientifically tested in the labora- 
tory and in houses, and ultimately 
patented. Now a company called Iso- 
thermics in Anaheim, Calif., has fur- 
ther developed the technique and is li- 
censing it to exterminators. 

The first step in the process, as with 
typical chemical termite extermina- 
tion, is to drape the house or the part 
to be treated in a huge tarp. Then a 
propane heater is fired up and fans 
pump hot air into the house through a 
flexible duct. Because hot air rises, fans 
placed inside and wired to withstand 
high temperatures direct the hot air 
back to the floor. 

When the heat is on, boring insects 
tend to retreat deeper into their dens. 
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Aword of advice 
for families driving without 
the safety of GE Halogen Headlights 


GE Halogens give you—and 
Я those you love—an added 
margin of a On high 
u 


beam they illuminate 


farther than incandes- 
[| cent headlights, allowing 
you more time to react 
to potential danger. 


Buy А Set 
Today — Drive 
Safer Tonight 


We bring good things to life. 
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Home Newsfront 


NYLON MAT GIVES RADON A ROUTE OUT 


ANE 


Radon, a gaseous radioactive decay product 
of radium, is thought to be the second lead- 
ing cause of lung cancer, after smoking. Gen- 
erally, it seeps into houses from the ground. 
Now, a new material called Enkavent that can 
be laid under the slab of a house during con- 
struction should make it relatively easy and 


inexpensive to bring down radon to safe levels. 
A standard way to reduce radon in houses 
is to install a sub-slab ventilation system: You 
make holes in the basement floor, insert pipes 
into a bed of aggregate below, and run the 
pipes to the outside of the house, installing a 
fan to draw out the radon. But the effectiveness 


of the system depends on the aggregate pro- 
viding a free path for the flow of air. 

Enkavent provides a more reliable air path, 
claims its maker, Akzo Industrial Systems. It 
is a noncompressible mat of heat-bonded ny- 
lon monofilament, one form of a product that 
is also used for erosion control, soundproofing, 
and drainage. Enkavent has a filter fabric on 
one side and is hinged so that it can form a 
90-degree angle where the basement floor 
meets the walls. 

When you're building a new house, you can 
put strips of Enkavent (fabric-side down) on 
the prepared site around what will be the pe- 
rimeter of the basement then lay another strip. 
down the middle. Next, you lay a vapor barrier 
on top (drawing left), cutting a hole in it for a 
flanged pipe. Finally, you pour the slab (right). 

If the house is found to have excessive ra- 
don after it is built, the pipe can be extended 
to the outside and a fan installed to draw air 
—and the radon—out from below the slab. 

Enkavent has been installed in 1,000 
houses. In one of those, the radon concentra- 
tion was found to be 10 times greater than 
what the EPA considers the maximum people 
should live with. After the piping system was 
put in, the radon dropped to half the recom- 
mended maximum. 

The price for enough Enkavent to do a house 
averages $450 to $650. For the nearest dis- 
tributor, call 704-258-5051.—V. E. G. 


There are 
two models 

to choose from. 

The STX 30 and 

121⁄-hp STX 38. 


Wi JOHN DEERE | 


So the elevated temperature must be 
maintained long enough to get the core 
temperature of the building materials 
to the lethal 120 degrees F. Air tem- 
perature hovers around 150 degrees F. 
A typical house treatment goes on for 
six hours. 

There is no danger of fire, the ex- 
perts claim, but homeowners are ad- 
vised to remove heat-sensitive posses- 
sions and to protect pianos and other 
delicate items they can’t haul out. The 
price charged for thermal extermina- 
tion generally equals that for chemi- 
cal treatment. 


Double update 


A research and development program 
sponsored by the Department of En- 
ergy and aimed at improving the ener- 
gy-efficiency of manufactured housing 
was mentioned on these pages in the 
May 1989 issue. Now one of the recip- 
ients of a $700,000 grant, the Flor- 
ida Solar Energy Center, has erected 
four houses for testing. One of those is 
a foam dome made by American Inge- 
nuity in Melbourne, Fla., the POPULAR 
SciENCE cover subject of March 1987. 

Larry Maxwell, senior research ar- 


chitect at FSEC, describes the houses 
and the study: "The first house is a base 
case, a conventional wood-framed house 
with R-eleven insulation in the walls 
and R-nineteen in the ceiling," he ex- 
plains. "The next house is identical, but 
will be framed with metal studs. These 
can lend themselves nicely to factory 
production and hold the potential for 
cost savings," he goes on. “But there 
may be some energy penalties. We 
want to identify any problems and see 
if we can find economical solutions. 

"The third house is made of stress- 
Skin panels: manufactured panels with 
Dow's Styrofoam insulation in the mid- 
dle and oriented-strand board applied 
to both sides," says Maxwell. The wall 
panels have four-inch-thick insulation, 
and the ceiling panels six-inch. Insu- 
lation values are R-20 and R-30, re- 
spectively. The panels are structural; 
no framing will be present to create 
thermal bridges in the insulation. 

The dome has seven-inch-thick pol- 
ystyrene walls (R-28). The dome shape 
offers additional energy advantages in 
that the ratio of skin area to enclosed 
space is smaller than that of conven- 
tional houses. 

With the latter two, savings should 


result from reduced labor during con- 
struction, and from superior insula- 
tion and air tightness. "That should 
offset the higher materials cost," says 
Maxwell. 

The four houses will be instrumented 
and their energy performance tested 
fora year. Then cold-weather tests will 
berun at the University of Oregon, the 
other recipient of the DOE grant. 


Instant concrete—under water 


It could have been a scene from a low- 
budget horror film: a house in a small 
Ohio town where window panes cracked 
for no apparent reason and the front 
door swung open on its own. The per- 
petrator, however, wasn't an unruly 
specter but ground subsidence caused 
by a series of water-filled, collapsing 
coal mines tunneled beneath the prop- 
erty a century ago and long forgotten. 

“We have approximately fifty sub- 
sidence-related projects each year 
where the structural integrity of a 
house is affected," says Robert 
Fleming of the Office of Surface Min- 
ing's Division of Abandoned Mine 
Lands, part of the U.S. Department of 
the Interior. “But,” he adds, “the num- 


You can buy 


out $6998000 less 


itcost us to 


Last year, we were pleased 


it for 


of any mower in its class). 


to introduce the John Deere STX, 
our new-size lawn tractor. 

The critics loved it. The cus- 
tomers loved it. Our accountants, 
however, only sort of loved it, since 
it took five years and seven million 
dollars to build. 

But as any John Deere dealer will 


tell you, it was worth the investment. 


The STX 30 has a 9-hp overhead 
valve engine, sector and pinion 
steering, 5-speed in-line shift, and 


a 22-inch turning 


radius (the tightest 


It also has the kinds of details 
that make a Deere a Deere. Front 


wheel bearings instead of bushings. 


Thicker steel in the mower deck. 
Options like a snow thrower and 
rear bagger. 

But perhaps the best feature of 
allis the price. At around $2,000, 
we're pretty sure a lot of people will 


choose the STX over anything else. 


Enough people, we hope, to 
make even our accountants happy. 


NOTHING RUNS LIKE A DEERE: 


For the dealer nearest you, call 1-800-544-2122 
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BUILD 
A HOUSE FOR 
YOUR FRIENDS. 


Get closer to nature by 
creating a classic yard 
environment for birds. 
Our 24 birdhouse and 
birdfeeder plans range 
from rustic to elegant, with 
cleat, step-by-step instruc- 
tions. Each house is specially 
designed to attract a certain 
kind of bird, so you can even 
choose your feathered friends. 


OR REMODEL 
YOUROWN 


Both DESIGNING & 

= REMODELING KITCHENS 
апа DESIGNING & REMODELING 
BATHROOMS have been updated to help you 

~ create attractive, functional living space. 

~~ Save days of unnecessary work, and hundreds 
+ of dollars; with insider tips on estimating 
costs, purchasing materials, removing old fix- fa 
türes, and installing new ones. | 
BUILDING CHILDREN'S WOODEN TOYS. 
Imagine the satisfaction of seeing your children 
play-with safe toys you built yourself. It's easy 
with these simple step-by-step directions. : 
Discover new skills, open up new worlds of fun 


These and over 30 other ORTHO how- 
to titles are just $7.95 p= 
each at your favo- : 
rite retail store. Or, 
write for a free 


ORTHO BOOKS 


Conde ©1985 сне Сине Comping Ali Rc 
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\. -for you and your family. = 
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ber of reported subsidence events may 
range into the hundreds." 

The method commonly used to abate 
sinkholes is to prop up the ground with 
grout columns. Occasionally, however, 
water flows through the mines, sepa- 
rating the components of the grout be- 
fore it can set. It was for such cases 
that PQ Corp. in Valley Forge, Pa., in 
conjunction with the Department of the 
Interior, developed a technique to con- 
struct strong grout columns in flow- 
ing water quickly and inexpensively. 

The method relies on sodium silicate, 
a chemical compound used for quicken- 
ing the setting time of the grout. In 
contact with wet grout, the compound 
forms a gel. A specially designed noz- 
zle forms a layer of sodium silicate 
around the stream of grout as it is 
poured. This creates an outer sheath 
of gel to protect the grout from the force 
of the water and speed its setting. 

Tests run by PQ Corp. showed that 
a column built by this method in five 
feet of water set so fast that it sup- 
ported the weight of a man as soon as 
the nozzle was shut off. 

Jim Kennedy, a physical scientist 
with the Office of Surface Mining, ap- 
plied the technology last spring in the 
first field test site—the troubled Ohio 
home—but with mixed results. 

"Two things went wrong," explains 
Fleming. “First, we found the mine was 
filled with rubble to a large degree, 
leaving us with little space to pour the 
grout; and second, there was no longer 
water in the area of the mine we were 
working in." In the absence of water, 
the sodium-silicate-injected grout sets 
up too quickly, says Fleming, prevent- 
ing it from flowing freely. He adds, 
however, that he was satisfied with the 
columns that were poured in the few 
areas that remained flooded. 

John Peters, marketing development 
project manager of PQ Corp., explained, 
“We consider the case a qualified suc- 
cess—even though conditions weren’t 
what we had planned on.” 

Fleming and Kennedy agree that the 
technology will be considered for fu- 
ture subsidence problems. “I would not 
hesitate to use it,” says Kennedy. “In 
the right situation, it will save a lot of 
time and money.” 

Peters adds that the Ohio experience 
has led to custom grout formulations 
for other applications. Variations of 
this technology have been used suc- 
cessfully to plug fissures in a Texas 
dam and strengthen a crumbling break- 
water in Milwaukee Harbor. “Every 
time we turn around,” he adds, “some- 
body crawls out of the woodwork with 
another idea of how to use this process.” 
—J. A. Y. 


NEW... Low Cost, Home Property 


“Clean-up Machine" 


The New Junior TOMAHAWK" E 
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Chipper/Shredder rids your 
property of unsightly 

yard debris... and turns = 
it into FREE mulch 
and compost material! 


The Junior is unlike anything 
previously available to suburban 
and small property owners. 

It’s as easy to use as a kitchen 
garbage disposal...costs less than a 
good quality mower...and takes 
up less space in your garage than 
a trash barrel. 

Yet this compact dynamo 
solves one of the thorniest prob- 
lems homeowners face in trying 
to keep their places looking nice 
..what to do with all the leaves, 
brush, branches, prunings and 
other yard debris that accumu- 
lates so quickly. 


Big, oversized hopper takes leaves, twigs and 
other loose materials by the armload! 


No more bagging, dumping 
or accumulating yard 
debris! 

With half the nation’s landfills scheduled 
to close within five years, tossing out our 
yard debris with the trash could soon 
become a thing of the past. 


But now, with the Junior TOMAHAWK® 


Chipper/Shredder, you can easily reduce 
these yard wastes in bulk and put them 
to productive use. 


©1990 Garden Way, Inc. Also available in Canada 


branches with ease. 


FROM THE MAKERS OF 
TROY-BILT, 


- Roto Tillers = 


At lastl...there’s a FAST, EASY way to clean unsightly brush 
piles and other yard debris from around your property! 


The Junior TOMAHAWK 
beautifies your property 
this easily: 

© Eliminates ugly brush piles- 


cleans up fallen branches, winter 
damage and yard debris after storms. 


* Puts Fall leaves to good use- 
shreds Fall leaves into a fine, 
compost-like plant food for feeding 
your prize roses, your garden and 
your lawn! 


* Makes landscape chips- 
turns branches up to 2" thick into 
attractive wood chips for smothering 
weeds around trees and shrubs. 


g 


The Junior TOMAHAWK 's direct drive and 
weighted flywheel enable it to chip 2” thick 


Ideal for small or 
suburban properties! 


The Junior is lightweight and 
completely portable...compact for 
easy storage...much quieter than 
larger machines...so trouble free it 
carries a Full No Time Limit 
Warranty...and best of all, so 
affordable that now suburban 
and small property homeowners 
can easily justify the convenience 
of owning a full performance 
shredder. 


Recycles ALL your 
yard wastes! 


Unsightly and hard to manage 
prunings, branches, weeds, 
suckers and garden leftovers can 
now be cleaned up on the spot 
and put to good use! 

For complete information on 
this remarkable new small prop- 
erty "Clean-up Machine," please 
mail the coupon TODAY. 


"T 


and keeping down the weeds! 


Send for your FREE CATALOG with 
this coupon, or call 


1-800-554-5656 | Tov 
Dept. 2008 TODAY! = 


1 Troy-Bilt Mfg. Co. 

1 102nd St. and 9th Ave. 

I Troy, NY 12180 Dept. A2008 

YES! Please send me your FREE 
Catalog on how the 3 HP Junior TOMA- 

| HAWK® Chipper/Shredder can help me 
clean up and beautify my property...plus 
details on factory direct prices, larger models 

| available and your 30 Day Home Trial Offer. 
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Advariced optics for its teléscope/TV camera 
image-enhancement techniques let the latest KH-11 spy satel- 
lite zoom in from space to capture objects roughly the size of grape- 
fruits, experts believe. Reconnaissance specialists using computer en- 
hancement may be able to read license plates or book titles, as this film 
sequence simulates. The KH-11 is probably similar in appearance to 
NASKs Hubble Space Telescope. While the Hubble’s optics are designed for 
astronomy, КН-115 have flexible telescope mirrors to compensate for 
atmospheric distortions, plus the ability to change altitude quickly. That 
helps them capture remarkably detailed images. Cameras aboard KH-11s 
are also thought to be infrared-sensitive, so images could be relayed from 
darkened continents. The newest KH-11 may capture images in a variety 
of additional wavelengths. Comparing images of objects recorded in 
different portions of the spectrum often helps analysts determine what 
they are made of. 
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The United States-government is orbiting a constellation of super-secret surveillance sat- 
ellites thát capture details never-before possible. The latest generation of eagle-eyed space 

—/Sples gives intelligence’ ‘analysts detailed reconnaissance pictures even when Earth’s sur- 
face is cloaked.in Harkness or by dense clouds. 


By WILLIAM E. BURROWS. 


ILLUSTRATIONS BY VINCENT. DIFATE: 


n Route 101 in Sunnyvale, Galif., at the 

northern fringe of Silicon Valley, ‘stand four 

large dish antennas. Nearby is@ pale-blue 

windowless six-story building dubbed the 

Big Blue Cube—one of the government’s 

+ most highly classified facilities: Guards with submachine 

guns are stationed behind the front door. Workers in the 

cube learn,only what they need to know, and go only where 
necessary for their jobs. 

This is Onizuka Air Force Base, a site that has neither 
planes nor runways. The base is the federal government's 
Satellite Control Facility, which uses the large white an- 
tennas to operate U.S. reconnaissance satellites. 

The recent end of a 2%-уеаг hiatus in spy-satellite 
launchings as space shuttle missions resumed, toj her 
with the debut of the Titan 4 rocket for unmartned 
launches, have enabled specialists within Sunnyvale's Big 


Blue Cube to use superior new spy satellites. Advanced 
technology aboard these satellites is thought to be power- 
ful enough to capture images of grapefruit-size objects, or 
capable of detecting heat from the afterburners of mili- 
tary aircraft. There's also an important new type of spy 
satellite deployed that provides intelligence agencies with 
photolike images even when Earth below is shrouded in 
thick clouds or darkness. By the mid-1990s, the number of 
large imaging satellites may triple to about 12. 

Four types of satellites are involved in gathering intel- 
ligence: TV-cameralike sensors—some extraordinarily sen- 
sitive to infrared light—are coupled with powerful tele- 
scopes used aboard the newest “optical-imaging” satellites. 
These sensors detect missile launchings and capture de- 
tailed images of weapons and other activities. A “radar- 
imaging” satellite launched in December 1988, originally 
code-named the Lacrosse, requires huge solar panels to 
power its cloud-penetrating microwave transmitter. So- 
called “signals-intelligence” and “ferret” satellites are 
super-sophisticated radio receivers that capture the radio 
and microwave transmissions from foreign countries. Fi- 
nally, “relay” satellites speed communications around the 
globe by transmitting data from spy satellites to U.S. 
ground stations. High-speed computers on Earth play a 
key role in making torrents of data intelligible. 

Having this all-weather, round-the-clock spying capa- 
bility is a valuable new tool for detecting cheating on arms- 
control agreements. The task is much harder, though, as 
thissiles become smaller. With federal agencies stepping 
up the war on narcotics trafficking, spy satellites have 
another new role (see box, Space War Against Drugs). 


Snapshots from space 


Spaceborné espionage started in the summer of. 
1960, when the CIA began photographiüg the. 
USSR.-with its Discoverer satellites. Discov- 


(PHOTINT) satellites that followed, circled 


nents spun beneath their film cameras. The врасе-: 
Mure uuo ee шы ae 
west of Hawaii, and snatched in midair by Air Force 
After film in Hawaii, couriers rushed 
the pictures to Washington, D.C., for analysis. 


Later, picture-taking spy satellites flew under a 
code-named Keyhole. Authorities the shorthand 
labels KH-8, KH-9, and KH-11 after they appeared in my 
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erers, like:the photographic*intelligence | 
Earth in roughly polar orbits so that the conti- 
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book, Deep Black—although most of the media still haven't. 
Most Keyhole satellites took either wide-area pictures of 
large land areas for routine surveillance and weapons 
targeting, or close-up pictures of special-interest objects 
from a low 80-mile altitude. 

The 1971 KH-9 satellite, dubbed Big Bird because of 
its 30,000-pound Greyhound-bus size, developed film for 
wide-area images on board and beamed the pictures to 
Earth as TV signals. A special Kodak camera snapped 
the area-surveillance images. For close-up photos, para- 
chuted back to Earth in six film-return pods, a Perkin- 
Elmer-built mirror telescope served as Big Bird’s telephoto 
optics. Despite Big Bird’s sophistication, however, its lim- 
itations frustrated intelligence personnel. The amount of 


Spy-satellite views may have triggered U.S. accusations that Libya is 
building a chemical-weapons plant near Tripoli. Libya denies this. Images, 
such as this from a commercial satellite company, which have 30-foot 
resolution, have led West Germany to the same conclusion about the site. - 
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film and the number of pods the satellite carried limited 
the number of high-resolution close-up photos they could 
obtain. Also, poor weather and logistical problems often 
delayed intelligence for weeks. And while wide-area im- 
ages transmitted to Earth could be obtained quickly, the 
TV camera and radio link limited their resolution, That 
made them nearly useless to photo interpreters who need 
to scrutinize radars, aircraft, ships, and other weapons in 
detail. 
Solid-state imaging 

All that changed in 1976 when the first KH-11, code- 
named Kennan, began operating from a special orbit that 
keeps the sun at a constant angle with respect to objects 
on Earth (“Spy Photos From Space,” Nov.'83].The advan- 
tage: Shadows recorded from space help detect movement 
and the size of objects. KH-11 was an important advance 
in espionage because it could provide detailed high-quality 
images almost as an event was occurring. Space shuttle astro- 
nauts orbited an improved KH-11 in the series last August. 

An important technology advance for the KH-11 is the 
solid-state image sensor it uses, a charge-coupled device 
(CCD). The CCD (or similar semiconductor sensor) is now 
used in millions of consumer video camcorders and TV 
cameras. 


Bell Labs’ invention of the CCD in 1969 provided satel; : 


lite engineers with a lightweight, low-power, extremely 
sensitive image sensor. The surface of a CCD i8 covered 
with a rectangular grid of microscopic light-sensitive ele- 
ments. A postage-stamp-size CCD chip available in the 
early 1980s for scientific space telescopes; for example, 
had an array of 800-by-800 elements | “Chips That See,” 
Jan.'82 ]. Images it produced would have 640000 picture 
elements, called pixels: (Chips càn be clüstered together 
to generate, say, four times as many pixels.), An image 
begins as light falls оп individual pixel sensórs, creating 
an electrical charge proportional to the light intensity. 
CCDs arent the only type of sensors: used. Tele- 
Scopes in another type of optical-imaging satel- 
lite; the Defense Support Program (DSP), 
series: are equipped with sensitive E 
infrared detectors to spot the pa 
hot plumes of missiles. 
DSP satellites in P 
fixed geosynchron- ЕСА 


B NEA 


ous orbits are designed to provide an instant warning 
against missiles launched from either land or sea. Once 
missiles are detected, other satellites can zero in on the 
launch site to provide more-detailed views. Space policy 
expert John Pike of the Federation of American Scien- 
tists believes the first Titan 4 booster put the latest DSP 
infrared satellite into orbit in mid-June 1989. The satel- 
lite maker, TRW, reports this third-generation model weighs 
5,200 pounds, operates at 1,274 watts or double the power 
of the previous model, and has 6,000 infrared detectors. 

Although CCDs and infrared-sensitive sensors have be- 
come widely accessible for imaging and other electronic 
tasks, another photographic technology aboard KH-11s, 
adaptive optics, has not. Adaptive optics employs flexible 
mirrors that can be bent slightly under computer control 
to compensate for the distortion caused by Earth’s atmos- 
phere [ Nov.’83].Such advanced imaging technology aboard 
the newest KH-11 satellites is expected to provide views of 
objects some five inches across. 

Space radar 

Despite their eagle-eyed spies in orbit, intelligence agen- 
cies have long faced a serious restriction. “During late 
fall, winter, and early spring, the U.S.S.R. and much of 
Eastern Europe is covered by clouds as much as seventy 
percent of the time,” explains a former U.S. intelligence 
official. 

In December 1988, when the space-shuttle Atlantis 
thundered from the Kennedy Space Center, its payload bay 
held a solution to the problem of obscuring clouds. At a 
275-mile-high orbit, Air Force Col. Mike Mullane released 


the $500-million Lacrosse satellite from the bay and helped 
rocket it to a higher orbit. The main image sensor aboard 
Lacrosse, a radar transmitter and receiver, demands the 
high power provided by its large solar panels. While optical- 
imaging satellites passively capture light from Earth be- 
low, Lacrosse is active: It beams microwave energy to the 
ground and reads the weak return signals reflected into 
space. This new breed of spy satellite can “see” objects on 
Earth’s surface through clouds and in darkness. 

Lacrosse’s rectangular antenna, reportedly some 48 feet 
long and 12 feet wide, differs from standard mechanically 
scanned radar antennas. The satellite antenna is covered 
with rows and columns of small transmitting and receiv- 
ing elements. Radar signals can be aimed or swept back 
and forth in phased-array designs such as this by chang- 
ing the electrical signals fed to each small antenna 
element. 

There’s another difference in the way satellites such as 
Lacrosse capture images. Most radars provide a constant 
stream of images, as echoes from targets are instantly con- 
verted on a display. Lacrosse, however, records a series of 
quick “snapshots” as it arcs over Earth. The return sig- 
nals from objects in each of these snapshots shift slightly 
because of the Doppler effect, which causes wavelength to 
shorten as a surface feature is approaching and lengthen 
as it recedes. The time required for radar signals to make 
a round trip (range to targets) also changes. Signal 
strengths help determine the brightness levels of elements 
in the final radar image. To obtain these pictures, signals 
are sent to ground stations where computers can blend 
the snapshot data into detailed images. This technology, 


called synthetic-aperture radar (SAR), provides image re- 
solving power that normally would be possible only with 
a much larger antenna, collecting entire radar images 
instantaneously. 

How detailed are SAR images? John Pike believes the 
advanced Laérosse can resolve objects about three feet 
across. That level of detail is necessary to identify mili- 
tary hardware such as Soviet mobile missiles for arms- 
control agreements. Pike thinks four Lacrosse-type satel- 
lites will be arbiting by the early 1990s. 

“We are mpving into a verifications business that re- 
quires 24-hour-a-day monitoring by remote sensing,” says 
Michael Krepon, head of the verification project at the 
Carnegie Endowment for International Peace. “If we're 
going to be able to monitor the Intermediate Nuclear treaty 
or other arms agreements,” notes a former US. intelli- 
gence official; *we have to be able to see under clouds. It's 
as simple as that." 

Although imaging satellites more readily capture the 
public's imagination, those that collect radio ignals, the 
ferret and signals-intelligence (SIGINT) satellites, bear 
the brunt of U.S. space spying. Because the military and 
political orgahizations of the major powers could not func- 
tion without àlmost continuous electronic communications. 
intercepting (hese signals often provides the first ind: 
tion that something important is about to happen. Inter- 
cepted signals are analyzed and decrypted if necessary at 


the National Security Agency in Fort Meade, Md. At times, 
the information suggests that something is worth photo- 
graphing from space. 

SIGINT satellites with a variety of cryptic code names 
have at one time or another floated in geosynchronous 
orbit some 22,300 miles out in space. Huge umbrella- 
shaped antennas capture microwave telephone traffic and 
other radio signals from the U.S.S.R. and anywhere else 
the United States wants to eavesdrop. 

Rhyolite, an early SIGINT satellite that operated 
throughout the 1970s, could simultaneously monitor 11,000 
telephone calls and walkie-talkie traffic from orbit in ad- 
dition to its primary task, snooping on telemetry signals 
from Soviet and mainland Chinese missiles during test 
flights. 


Relaying spy data home 


Also playing an important role are the Tracking and 
Data Relay Satellite System (TDRSS) and other platforms, 
which relay data from satellites to Earth stations. Discovery 
launched the third TDRSS last March. Most observers 
believe the newest spy satellites are designed to send their 
data to Earth via rel atellites. Relaying data not only 
speeds it to the other side of Earth when necessary, but 
sending the data upward to higher-flying satellites com- 
plicates the job of the Soviet technicians who try to inter- 
cept it. 

Relaying may also create problems, however. According 
to a March 1989 Science magazine article, collecting data 
from Lacrosse through relay satellites limits the new ra- 
dar satellite's performance. The main problem is the ina- 
bility of relay satellites to handle data fast enough. Robert 
Cooper, former head of the Defense Advanced Research 


Projects Agency, says the new radar satellite puts out pro- 
digious amounts of information. He says that a space ra- 
dar with a resolution of about one foot can generate raw 
data at many billions of bits per second—far beyond the 
300 megabits (million bits) per second maximum capacity 
of one of TDRSS's two high-capacity channels. “The data 
rate limits everything: resolution, gray-scale accuracy, and 
field of view,” notes a designer of the Earth Observation 
Satellite at NASA's Jet Propulsion Laboratory. 

Transforming the raw data into images on board the 
satellite and sending them through TDRSS would require 
the radar satellite to carry one of the world’s largest 
supercomputers, said Cooper. One way to avoid the data 
bottleneck, notes the Science article, is to store bursts of 
data on recorders and then transmit them intermittently 
at a slower rate. 


Organizing satellite spies 


Spying from space is so vital to national security that 
it is controlled by a special organization, the National Re- 
connaissance Office (NRO), headquartered in the Penta- 
gon, The NRO is so secret that even its letterhead is 
classified. The NRO, a collaboration of the Air Force and 
the CIA, gets satellites built and operating under Sunny- 
vale’s control. In addition to its Washington, D.C., head- 
quarters, officially known as the Office of Space Systems, 
the NRO has offices in El Segundo, Calif., near several 
satellite manufacturers, 

The NRO has the biggest budget of any organization in 
the US. intelligence community. Coming up with cutting- 
edge spy technology while remaining hidden from public 
scrutiny makes the NRO and its contracting companies 
“а playpen for engineers," says John Pike. 

The bill for keeping track of what the rest of the world 
is up to is staggering. Considerably more than $5 billion 
is spent annually on designing, testing, building, launch- 
ing, and operating reconnaissance satellites. Many addi- 
tional millions are spent maintaining ground stations 
around the globe, and operating a variety of aircraft to 
snoop along the periphery of the Soviet Union and other 
areas of the world. Most likely, the net worth of the entire 
operation exceeds $50 billion and is increasing rapidly as 
new arms-control agreements require verification, and more 


nations acquire the ability to make strategic weapons. 

Costly computers have a crucial spy-satellite function. 
Because the data fed to ground stations are digital, those 
who interpret the imagery can use computers to manipu- 
late the data, enhancing certain elements and reducing 
or eliminating others. If an object is hidden in shadow, for 
example, computers can lighten the shadow but at the same 
time maintain the contrast relationship between adjacent 
picture elements so the object becomes discernible to the 
eye with its details intact. 

Today's biggest technical hurdle, though, is program- 
ming high-speed computers to extract crucial intelligence 
information from the deluge of incoming data. “In the past, 
the problems have been mostly connected with sensing 
the data. Now, they are more in filtering and interpreting 
it," Thomas Rona, a former Pentagon official and now dep- 
uty director of the White House Science Office, told Sci- 
ence. "You have to filter it in terms of geography, but also 
in terms of targets that are interesting," he said. “Humans 
—photointerpreters—used to do this. Now there are at- 
tempts to automate it.” 

"Somewhere in that data there's a target," explained 
former Air Force Secretary and former head of the Na- 
tional Reconnaissance Office Edward (Pete) Aldridge Jr. 
*Now how do you find it... unless you take the popula- 
tion of the U.S. and make them photointerpreters?" asked 
Aldridge in Science. Experts believe that the answer lies 
in the development of automated image interpreters. In 
theory, high-speed computers could search spy-imagery data 
and recognize the signature of a Soviet weapon. But this 
task is formidable. "We're still five years away from the 
point where some data comes in and rings a bell and says, 
Туе got a target X in location Y, " said Aldridge. 

The most valuable contribution of computer analysis, 
according to Rona, may be in matching up information 
from various sensors so that one instrument can correct 
the other's blind spots. While a KH-11 might be fooled by 
a detailed plastic decoy that looks like a tank, for exam- 
ple, the attempted deception might be unveiled by the ra- 
dar on Lacrosse. Multi-spectral analysis, as this technique 
is called, allows a rough chemical analysis of an object’s 
surface from space so that an object's composition can be 


Continued on page 114 


SPACE WAR AGAINST DRUGS 


Tiny specks of light green clustered along Peru's Huallaga Valley in 
this Landsat satellite photo are fields of crops. The surrounding dark 
areas are tree-cloaked mountains. A fraction of these crops are coca, 
from which cocaine is derived. But this image displays half of the 
world's annual cocaine crop, according to an Oct. 14, 1989, New 
York Times story. Intelligence and drug-enforcement agencies, the ar- 
ticle says, are now employing the nation's spy satellites—as well as 
commercial satellite data from Landsat and SPOT—in the drug war. 

Computerized images, such as this one, can reveal remarkable de- 
tails. "Suppressing foliage is a pretty straightforward technique," 
says Mark Labovitz, manager of remote sensing services at ST Sys- 
tems Corp. in Lanham, Md. "You can tone down the foliage, pene- 
trating through to get information on understory areas." Hidden roads, 
buildings, and runways used for drug production might be unveiled. 
Sequences of images over time are useful too: "Let's say you took 
three images," says Labovitz. “Опе showed a clearing. Then a 
regulatory agency went in and shut things down. The next image 
showed vegetation had grown back. If a third photo showed the area 
has been cleared again, you'd ask, ‘What's going on here?’ " 

While analysts have perfected satellite reconnaissance of common 
crops from space, they're still learning how to pinpoint drug-related 
plants. "Up until now, coca hasn't been what you'd call a national 
cash crop," says retired Army intelligence expert Nelson Johnson. He 
stresses that human intelligence about production, not just technol- 
ogy, is crucial in the drug war.—John Free 
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A tilting, rigid wing will propel this French sailboat faster than the 
wind. Equipped with the sort of hydraulic and electronic equipment 
typically found in fighter planes, the next version of the sailboat is 
expected to fly across the water at more than 60 mph, easily breaking 
the current world speed record for wind-powered craft. 
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PHOTO BY GILLES KLEIN 


A dinghy tows the first Objectif 100 
prototype out into Lake Garda for a 
trial run. The mast is tilted at a 
45-degree angle to the port side, 
and a boatlike float supports the 
lower wing tip. Later, а steerable 
foil will replace the float. Guy lines 
attached to the hull's bow and 
stern prevent damage to the wing 
during towing. 


By DAVID SCOTT 


ToRBOLE SUL GARDA, ITALY 
hink of the albatross," says 
Jean-Marie Finot. "It's a 
lightweight sea bird achiev- 
ing extraordinary speed and 
endurance in the air with 
only small, quick movements of its 
long wings." Finot flaps his out- 
stretched arms, grinning. 

We're on a speeding launch on Lake 
Garda, dramatically framed by the 
craggy foothills of the Italian Alps, 
keeping pace with a bizarre-looking 
sailboat that resembles nothing so 
much as a crashed plane. Finot, a 
French naval architect, is the mathe- 
matical and philosophical brain be- 
hind this strange craft. It's called Ob- 
Jectif 100 because the ultimate goal 
is 100 kilometers per hour (62 mph). 
To reach that goal, the craft must first 
beat the present world sailing speed 
record of 40.5 knots (46 mph) held by 
a British wind surfer. 

This is no fanciful scheme from a 
struggling inventor. The project is 
sponsored by the French chemical and 
pharmaceutical giant Rhóne-Poulenc, 
as an image-builder for its advanced 
materials—fiber ceramics, industrial 
plastics, and silicons. Other French 
contributors: Aerospatiale for aerody- 
namic calculations and structural de- 
sign; the National Naval Research and 
Testing Institute for electronic sys- 
tems; the Naval Industry and Archi- 
tecture Research Center for studies of 
the pressure fields and wind gradients 
around the wing; the Higher National 
School of Aeronautical Manufacturers 
and Land Weapons Test Center for 
research on foils and supporting 
planes; and the Naval Armed Forces 
for logistical support. It's a big-time 
operation. 

*We had to rethink the problem 
from the beginning," Finot tells me, 
as I get a closer look at the curious 
angular rig skimming across the sun- 
glinting azure water only 100 yards 
off our starboard bow. A slender mast 
leaning to one side of the pencil-slim 
hull supports the center of a tilted 
aircraftlike wing, with its lower end 
actually touching the water. 

"That rigid sail behaves in part like 
a wind-filled fabric sail," Finot ex- 
plains. “You get a forward suction ef- 
fect acting on the convex outer sur- 
face, where the air's longer flow path 
increases its velocity and thus lowers 
the pressure. The sail also acts like 
an aircraft wing producing lift, which 
the tilt enables us to harness as for- 
ward thrust. 

“We use the vertical lift component 
as well,” Finot continues. “That tends 
to raise the hull out of the water, so 


even at twenty knots [23 mph] only 
a one-meter length at the stern now 
touches the surface with perhaps a 
fifteen- to twenty-centimeter [six- to 
eight-inch] draft, and the bow is ele- 
vated by a hydrofoil blade on the front 
rudder. This cuts both frictional drag 
through the water and gravity, so we 
can make full use of the wind. Remem- 
ber that albatross gliding over the 
sea.” 

At the start of this trial run, an 
outboard-motored rubber dinghy towed 
the sailboat from its mooring and into 
the narrow panhandle of Lake Garda, 
where the wind generally sweeps 
down from the mountain pass to the 
north. Our launch raced alongside 
through the calm water, until a few 
whitecaps on the surface signaled 
some useful wind. I saw the skipper, 
Lionel Péan, recumbent in his bubble- 
covered cockpit, pull at a lever to re- 
lease the tow rope. Now on its own, 
the boat skimmed briskly over the 
slight waves without altering its sta- 
ble angular stance, despite the mod- 
erate tack. 

An experienced French yachtsman, 
the 33-year-old Péan has been at sea 
since age 15. He has crewed on many 
racing sailboats, most notably on the 
winner of the 1985/86 Whitbread Race 
around the world. 

Back on the lake shore, he tells me 
his speed in the trial run was 15 knots 
(17 mph), and that earlier he’d reached 
20.4 knots (23 mph). “But these are 
still the early days,” he says. From 
him I learned more about the sail- 
boat’s construction and the theory be- 
hind it. 


tubular spar inside the 12-me- 

ter-long wing supports four air- 

foil sections: The two-meter sec- 
tions on the ends are normally fixed, 
and the four-meter inner pair are mov- 
able (see drawing next page). Wind di- 
rection as well as speed can vary even 
with slight height differences over the 
water, and is constantly shifting, but 
the airfoil sections can be set at dif- 
ferent angles by individual hydraulic 
motors. To harness maximum aerody- 
namic force, the two inner wing sec- 
tions are turned up to 10 degrees to 
optimize their critical angle of attack 
relative to the wind. 

Because such changes must be vir- 
tually instantaneous, the hydraulic 
motors are controlled by an on-board 
computer that’s fed information from 
an array of sensors placed around the 
craft to monitor wind speed, direction, 
and pressure. 

Tilting the wing at a 45-degree an- 
gle gives the height needed for this 
energy-grabbing concept. Its lower 
end is held just over the surface by a 
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submerged motorized blade that swiv- 
els under computer control to match 
wave crests and troughs. The twitch- 
ing blade works like an undulating hy- 
drofoil to make the wing tip effectively 
weightless when moving forward. In 
addition to reducing drag, it prevents 
wave motion from rocking the light- 
weight hull. And the hull is already 
stabilized by the craft’s broad trian- 
gular base. It doesn't lean with the 
wind like conventional sailboats, so it 
needs no large keel dragging through 
the water. 


hen tacking along a zigzag 
course, the entire rigid wing 

is flipped from one side to the 

other (see drawing). This is done by 
wind power alone, using the wing’s 
two short outer sections, normally 
fixed, as ailerons. With reverse an- 
gling, they swing the lower wing tip 
up and over as the mast pivots freely 
on its swivel base in the hull. During 
this speedy maneuver, the wing cen- 
ter sections continue to provide lift, 
so the hull doesn't carry the weight. 
The concept is ingenious—if it works. 
A lot of this is for the future, Péan 
tells me. Objectif 100 was launched 
only recently, and so far all the con- 
trol surfaces, including the stern rud- 
der, are cable-operated by the skipper, 
who is guided by simple wind-speed 
and direction indicators in the cock- 
pit. Tacking has not yet been attemp- 
ted, and the inclined wing tip is cur- 
rently supported in the water by a 


boatlike float on the downward side. 

The complex electronic brain and 
hydraulic muscles are still under de- 
velopment, but Péan is confident that 
the final exotic system will deliver the 
calculated performance. “Inherent im- 
balance is the key,” he explains. “It’s 
like those ultrasonic fighter planes ca- 
pable of stable flight only under con- 
stant computer control. The continu- 
ous trim adjustments require many 
simultaneous reflex actions impossi- 
ble for a human pilot. Our sailboat is 
like that. We must constantly main- 
tain a delicate balance between air, 
sea, and gravity during capricious 
changes in wind speed and direction.” 

Weight is thus critical, he says, and 
will be kept to a total of some 550 
pounds by extensive use of carbon fiber 
in the hull and wing. At high speeds 
that should help make the boat almost 
airborne, with only the two rudders 
and the wing-tip foil slicing through 
the water as the computer fights to 
hold equilibrium. But Péan has the 
build of a football linesman, with 225 
pounds of solid muscle. I wonder: Is 
that right for the skipper? “My weight 
could be essential ballast at one hun- 
dred kilometers per hour [54 knots],” 
the stocky Frenchman says with a 
chuckle. “Otherwise the hull might lift 
clear out of the water, and we'd lose 
all control.” 

Objectif 100 will edge closer to that 
target speed with a second-generation 
wing now being built by Aerospatiale. 
It's expected to produce 40 percent 


more power than the present wing and 
propel the boat at twice the speed of 
wind. This can be done with precision 
tacking close to the wind. Because 
Péan reached that 20.4 knots (23 mph) 
in a 22-knot (25 mph) wind, the next 
prototype sailboat is slated to match 
or beat the present 40.5-knot wind- 
surfer record. The new boat is under 
construction at a Mediterranean dock 
area near Marseilles. 

The new wing is only slightly longer 
than before. But instead of twisting 
airfoil sections, it has aircraftlike slats 
and slotted flaps (see drawing). 

The hull will be little changed, but 
fitted with the battery-powered elec- 
tronic and hydraulic equipment 
needed to make this fragile sailboat 
virtually fly like a computerized plane. 
This second prototype will set the 
stage for the final version, as yet 
barely on the drawing board. Says 
Péan: “Then we'll build in all our ac- 
cumulated experience in uncharted 
marine aerodynamics to sail at three 
times the speed of wind. It should eas- 
ily make the small fourteen-knot jump 
to one hundred kilometers per hour, 
and perhaps beyond. 

“Now we're just at the start. Re- 
member that the first automobile was 
slower than a horse.” And for the fu- 
ture? I ask. "I'm thinking of the 
America's Cup, my personal project," 
Péan tells me. “Perhaps in five or ten 
years, maybe twenty-four meters long, 
and I don't know the design. But ГЇЇ 
do it!" us 


In this tacking sequence, the wing is tilted from 


POTENTIOMETER 


the starboard to port side os the boat steers a 
zigzag course close to the wind. The wing's end 
sections are angled like ailerons during the 
swing-over, and the mast pivots freely. The wind, 
not the boat, carries the wing's weight. At high 
А speeds, ће hull will Бе lifted clear of the 
water's surface during the entire maneuver. 
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WIND INDICATORS. 


Two rudders guide the 10-meter hull. The front 
rudder has a small hydrofoil blade that helps lift 
the boat out of the water at high speeds. In its 
present version (right), the 12-meter wing has 
four sections. The inner, larger airfoils can be 
adjusted to match wind direction at different 
heights above the water's surface. The outer 
pair are normally fixed, but act as ailerons 
during tacking maneuvers. The wing-tip foils 
can be rotated to follow waves. The second- 
generation wing (far right) will be only slightly 
longer. But instead of twisting airfoil sections, it 
will have aircrattlike slats and slotted flaps on 
its leading and trailing edges, respectively Its 
upturned wing tip will lie flat just above the 
water surface, adding air-cushion stability as the 
wing-tip blade swivels along wave profiles. 
Potentiometers measure the positions of the 
wing sections, wing-tip foils, and rudders, while 
indicators on the bow stalk provide instrument 
panel readings of wind speed and direction. 
These sensors transmit the information to a TOBE oat STALK) 
computer, which controls the hydraulic circuit 
used to adjust the positioning of the components. 
The servo-valves can respond to changes in wind 
direction and wave motion within 50 milliseconds, WING-TIP FOIL 
UPTURNED WING TIP 
POTENTIOMETER 


MOVABLE WING SECTION 


DRAWINGS EY JANA BRENNING 


FIXED WING. 


HYDRAULIC CIRCUIT. SECTION 


f you thought the race for a smaller, 
more portable computer ended with 
five-pound models, take another 
look—manufacturers were only 
pausing to take a breath. Now one- 
pound palm-size computers from 
Atari Computer and Poget Com- 
puter Corp. easily tuck into your 
pocket or purse. Both machines are 
IBM-PC compatible so you can ex- 
change information with your home 
or office computer. But are they the 
next wave in portable computers? 


To find out, I tested the machines 
and talked to their makers. My im- 
pression: They’re an adjunct to PCs, 
not an alternative. I also learned that 
although these two machines look 
alike, there are significant differences 
between them— including a whopping 
gap in price: $400 for Atari vs. $1,995 
for the Poget. Here's why. 

The Atari Portfolio, is not a full-size 
computer. It's more like a personal 
organizer. Like other personal organ- 
izers [Јап.], the Portfolio contains 


“Chiclet”-type keys for poking in in- 
formation. The keys worked fine when 
I used the computer's built-in pro- 
grams to enter appointments, phone 
numbers, spread-sheet calculations, 
and even some short sentences in its 
word processor. However, for taking ex- 
tensive notes or even writing a letter, 
I found them to be too small and too 
close together for quick touch typing. 

Because the Portfolio is compatible 
with a PC's disk-operating system 
(DOS), you use all the standard DOS 


SLIGHT-OF-HAND 


By WILLIAM J. HAWKINS 


They’re the size of a 


videocassette, weigh a pound, and 
are PC compatible. But they break the 


rules for portable computers. 
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commands to start programs or work 
with data files. But there are limits 
to its compatibility. The Portfolio stores 
its internal programs in a 256-kilobyte 
read-only memory; a 128-kilobyte ran- 
dom-access memory is available for 
your files. That’s plenty of user space 
for most text files but limiting to a 
data-hungry spread sheet filled with 
lots of numbers and formulas. 

Also, while the Portfolio can use 
data files from your home computer, 
it can't use programs. Reason: The 


LCD shows only eight 40-character 
lines at once. “Most PC programs must 
be rewritten to work on the smaller 
screen,” says Rick Meyer, Portfolio 
product manager. While Atari plans 
to offer popular programs on plug-in 
data cards, no optional software is 
currently available. 


t present the Poget computer is 

not available; the unit I tried is 
prototype. But at $1,995, “It 

will be in league with full-size porta- 


COMPUTING 
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bles,” claims company president Stav 
Prodromou. “It’s completely compati- 
ble with all DOS systems,” he says. 

All standard programs and data 
that run on your home PC can be 
transferred via cable to the Poget’s 
512-kilobyte random-access memory. 
(Plug-in RAM cards act as a disk drive 
for programs that need one.) But to 
get complete compatibility, Poqet's de- 
signers squeezed the standard 25-line 
80-character display into a 7.25-inch 
LCD. Result: The characters are about 
a third smaller than usual. To see the 
display comfortably, I needed my read- 
ing glasses. 

Keyboard keys, although sculptured 
to fit your fingers, are also tight—77 
fit on the four-by-nine-inch surface, 
making touch typing possible .. if you 
have thin fingers. Most frustrating is 
the weight distribution between the 
keyboard and flip-up LCD screen: The 
computer is top heavy. Take your 
hands off the keyboard, and it flips 
backward. Prodromou claims that a 
new keyboard is under development 
—perhaps it will be a bit heavier. 

Considering these machines perform 
jobs once found only in desktop com- 
puters, their design is extraordinary. 
But they're not enough for the user 
with serious computer needs. 05 
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Marlboro Red or Longhorn 1008 
you get a lot to like. 


SURGEON GENERAL'S WARNING: Smoking 
Causes Lung Cancer, Heart Disease, 
Emphysema, And May Complicate Pregnancy. 


we'll build 
better for 
The Big 
One 
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rnold Luft stood in the 
Saturday morning 
mist on San Francis- 
co's Market Street 
and gestured toward 
the face of the six- 
story building before 
us. 

"Those cracks at the top of the sec- 
ond floor—that's where these two 
buildings were hammering on each 
other" the structural engineer said, 
pointing upward with his furled um- 
brella. *But that's inconsequential, 
cosmetic. What we're looking for is any 
displacement in the frame." 

It was less than 100 hours after the 
Oct. 17, 1989 earthquake came rum- 
bling out of its epicenter 60 miles 
south of San Francisco, notching the 
Richter scale at 7.1. One hundred 
hours, and rescue teams were still dig- 
ging through collapsed buildings. Steel 
riggers were scrambling over a section 
of the Bay Bridge's upper deck that 
had taken a nose dive to the lower 
level. Cutting torches and cement saws 
crackled and whined as construction 
workers and volunteers clawed through 
the rubble that had been a 1 ¥-mile- 
long section of the Cypress viaduct. 
Aftershocks, more than 20 above 4.0 
on the Richter scale in the first 48 
hours, still posed danger. 

One hundred hours. And maybe 
1,000 engineers like Luft were meas- 
uring the aftershocks, collecting spec- 
imens of building materials, poring 
over blueprints, and inspecting dam- 
aged structures in the nation's fourth- 
largest metropolitan area. 

In those early hours, the workers 
simply did quick surveys to determine 
which buildings and bridges were un- 
harmed, which had visible but insig- 
nificant damage, which would need 
immediate reinforcing, and which 
should be marked for demolition. 
Later, when the emergency had 
passed, the engineers and their col- 
leagues—seismologists, geologists, 
and other earthquake scientists—re- 
turned to their computers and began 
analyzing the mounds of raw data 
they'd accumulated. 

The scientists could barely hide 
their excitement. Using instruments 
that, in many cases, had been in place 
for years, they'd finally caught a big 
earthquake in the act. Big, but not 
the biggest. Officially, the quake is 
named after the highest landmark 
near its epicenter: Loma Prieta, mean- 
ing “dark hill.” But at least one local 
columnist dubbed it the *Pretty Big 
One.” The epithet is a reminder that 
the "Really Big One" is yet to come. 
That's why evidence gathered from the 
October quake is so vital—it allows 
engineers to improve their structural 


designs before the next major temblor 
arrives. 

What are the lessons learned from 
Loma Prieta? 

* High-rise structures designed and 
built in recent years pitched and 
swayed, but didn't sustain significant 
damage. 

* Some experimental earthquake- 
resistant designs performed well, and 
more are on the way. 

* Deep, soft soils are dangerous. 
But new engineering techniques that 
seem to produce safer landfills are 
available. 

* Unreinforced masonry buildings 
are potential killers. But retrofits can 
help save these buildings. Luft showed 
me a retrofitted four-story downtown 
store and office that fared well in the 
earthquake. Just inside its exterior 
brick walls were six-inch steel box col- 
umns, part of a frame extending be- 
low street level. 


е Loma Prieta landscape came 
to life when subsurface tension in 
one of the shifting chunks of 

Earth's crust, the Pacific Plate, snapped 
(see box, Beneath the San Andreas 
Fault Line). Satellite observations 
show that the Pacific Plate—south- 
west of the San Andreas fault line 
—slipped more than six feet closer to 
the North Pole, relative to the North 
American Plate northeast of the fault. 

In comparison, the great earthquake 
of 1906 had an average slip of 15 feet 
over almost 300 miles of the fault line. 
The 1906 temblor released about 50 
times more energy than the 1989 
earthquake, and it lasted almost 80 
seconds—more than five times as long 
as the Loma Prieta quake. 

Scientists can easily explain lateral 
slip along the San Andreas fault: It's 
the inevitable result of friction be- 
tween two intercontinental plates. But 
they've had a harder time explaining 
why the Loma Prieta earthquake ele- 
vated parts of the Santa Cruz moun- 
tains by more than 4'/ feet. The move- 
ment was unusual. "This is the first 
time we have evidence of vertical dis- 
placement," said Anne Kiremidjian, a 
Stanford University engineering pro- 
fessor who specializes in the study of 
ground motion, when she addressed 
fellow engineers and scientists at a 
crowded Congressional briefing a few 
months ago. 

Earthquake scientists were also sur- 
prised to find that the movement of 
the crustal plates didn't leave the kind 
of surface markings they'd observed 
after other quakes. They expected to 
see surface scars and ruptures aligned 
with the ground's movement. But what 
they found were cracks in the moun- 
tains near Santa Cruz that showed the 
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surface hadn’t moved in the same di- 
rection as the plate beneath it. The 
plate below Santa Cruz moved north- 
west, but the surface cracks indicated 
just the opposite. According to the ex- 
perts, the surface behaved like the lid 
of a jar—twisting counterclockwise at 
the same time the earth (the jar) ro- 
tated in the opposite direction. 

The unusual movement was proba- 
bly caused by a meander in the fault 
line. “When you get a bend in the 


fault,” explained Robert Uhrhammer, @ 


a researcher at the University of Cal- 
ifornia Seismographic Station in 
Berkeley, “you can get rotations at the 
surface with all kinds of slip, shear- 
ing in various directions, compression, 
and extension of the ground.” 

The strange movements discovered 
after the Loma Prieta earthquake took 
place during the main shock. Then 
came the aftershocks—including one 
that registered 5.2 on the Richter 
scale. “To date, we've recorded some 
six thousand aftershocks," said Wil- 
liam Bakun, head of the seismology 
branch at the U.S. Geological Survey 
(USGS) in Menlo Park, Calif., at the 
Congressional briefing. He and many 
others also recorded what are now 
called foreshocks—earthquakes in 
June 1988 and August 1989 that were 
about the same size as the largest of 
Loma Prieta's aftershocks. The Octo- 
ber quake vindicated seismologists 
who issued warnings that a larger 
quake might follow the foreshocks. 

Although it was weaker, the Loma 
Prieta temblor in many respects re- 
sembled the 1906 San Francisco 
quake. “We saw similar things in this 
earthquake to what was reported in 
1906," Bakun said at the Congres- 
sional briefing. 


AF: a long time people have 


known that unreinforced ma- 

sonry buildings are a prob- 
lem," said Stephen Mahin, a profes- 
sor of civil engineering at the Univer- 
sity of California, Berkeley, at the 
same hearing. But, in San Francisco 
at least, reinforcing of the city's 2,100 
masonry structures has been delayed 
for years—mainly because of the pro- 
hibitive cost and fears that it would 
force some poor out of their homes, 
said Al Goldberg, former superintend- 
ent of the city's Bureau of Building 
Inspections. 

The basic problem with brick walls, 
engineers say, is that they are not es- 
pecially strong and, often lacking suf- 
ficient vertical support beams, buckle 
under the lateral forces of a quake. 

Furthermore, unreinforced masonry 
buildings, as well as older wood-frame 
Structures, often are simply sitting on 
a concrete or brick foundation. Unless 
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the sill plates of the structure are 
bolted to the foundation, a quake has 
only to knock the building a few 
inches off center. When the walls drop, 
the load of the upper floors can col- 
lapse the lower ones. 

If a building remains on its foun- 
dation, it can flex from side to side in 
a quake. But in doing so, it may knock 
down its neighbor. Some engineers are 
proposing that San Francisco’s build- 
ing codes call for the removal of exist- 
ing exterior masonry walls. New walls 
would be built on the inside, provid- 
ing 8 to 12 inches of air space that 
would allow buildings to move with- 
out crashing into one another. 

Engineers are also experimenting 
with methods of keeping brick walls 
intact. For example, they’re cementing 
wire mesh to the masonry (see photo 
on page 78). Like the lamination on 
automobile windshields, the mesh 
doesn’t stop cracks, but it prevents the 
wall from shattering. 

Another danger: falling parapets 
and cornices. “Unreinforced masonry 
buildings are as much a risk to peo- 
ple outside the building as inside,” 
said Richard Andrews of California’s 
Office of Emergency Services. 


California isn’t the only region with an earthquake 
problem. Memphis, Tenn., and Charleston, S.C., 
for example, lie in earthquake-prone zones. 
Risks are calculated on the basis of both the 


frequency and severity of earthquakes. 


Both parapets and walls can be 
braced with steel rods or plates. “Ver- 
tical steel runners up the inside of the 
wall can often do the job,” engineer 
Luft told me. Retrofits generally pre- 
vent a building collapse, but they don't 
keep it from buckling or cracking. And 
they might not survive a temblor of 
greater intensity and duration. “We've 
got to come up with better strengthen- 
ing methods for old buildings,” said 
H. S. Lew, chief of the Structures Di- 
vision at the National Institute of 
Standards and Technology. 


rchitects and engineers who 

weren't surprised by the poor per- 

formance of unreinforced ma- 
sonry buildings were even less as- 
tonished by the collapse of buildings 
constructed on loose, sandy soil. “The 
earthquake strengthened our belief 
that when we have deep, soft soil de- 
posits, we have serious problems," said 
Lew. 

“Buildings built on weak soil col- 
lapse," confirmed Mario Salvadori, the 
author of several standard texts on 
structural engineering. “Scientifically, 
we knew that would happen because 
of our experience in both Mexico City 


and Armenia, but economics rules.” 

Soft soils were responsible for the 
severest damage in the Bay Area. San 
Francisco’s Marina district, 60 miles 
from the epicenter, experienced more 
shaking than many areas closer to the 
quake. 

Following the 1906 quake, the Ma- 
rina lagoon on San Francisco’s north- 
ern waterfront was partially filled 
with bricks, mortar, and burnt tim- 
bers from the earthquake rubble, said 
USGS geophysicist Peter Ward. Fine 
sand from nearby dunes was pumped 
in a few years later to finish filling 
the lagoon for the Panama Pacific Ex- 
position of 1915. This created unsta- 
ble landfill for what later became an 
expensive residential district. 

The fill used in the Marina wasnt 
compacted; it was saturated sand 
dumped on top of saturated fill. “It’s 
not the soil type but the way the soil 
is placed,” contends Tim D’Orazio, a 
soil engineer and professor of civil en- 
gineering at San Francisco State Uni- 
versity. “If it’s good landfill, you may 
be better off than people on sand or 
mud.” 

Not all areas built on landfill suf- 
fered damage during the quake. Some 


Sand boils occur when liquefied soil bursts 
through Earth’s crust. Sand boils were found on 
the Oakland airport runway and on the ground 
floor of some buildings in the Bay area. 


2 


three- and four-story apartment houses 
in the Marina district pancaked down 
to one or two levels, while neighbor- 
ing buildings—of the same period and 
similar design—remained standing. 
The explanation? Possibly the subsur- 
face fill on one site had been packed 
more firmly than its neighbor. 


relatively new community 20 
miles south of San Francisco, 

uilt on Bay mud, was spared. 

“I would have expected some damage 
in Foster City,” said Robert M. Ham- 
ilton, a geophysicist at the USGS in 
Reston, Va. But the development was 
built on “engineered” fill (carefully 
chosen materials that are compacted 
as they are placed). This fill seems 
to be able to retain its structural 
strength, even when violently shaken. 

Loose, water-saturated soils, on the 
other hand, liquefy when shaken. The 
particles in the sandy slurry lose their 
cohesion and begin to act like gelatin 
—amplifying the ground’s motion. Be- 
sides toppling buildings, soil liquefac- 
tion can cause landslides and sand 
boils (see photo). Boils erupt when a 
liquefied layer lies below a firmer layer 
of soil. A weakness in the top layer is 
where the liquefied soil shoots to the 
surface. “It’s like stepping on a pillow 
of water,” explained geophysicist John 
Boatwright of the USGS. “The water 
shoots out through a hole in the pil- 
low.” One Marina resident reported 
that slurry gushed up through her liv- 
ing room floor. Others found sandy res- 
idues in their garages. 

Soil liquefaction may have another 
curious effect: buoyancy. “Buried struc- 
tures can literally rise to the surface,” 
said Thomas O’Rourke, a professor of 
civil engineering at Cornell University. 

Soil composition plays an important 
role in the interaction between bridges 
and the ground. “A bridge is depend- 
ent on its foundations because it has 
fewer of them than a building does,” 
ле. жиын E 
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said Ian G. Buckle, the deputy director 
of the National Center for Earthquake 
Engineering Research at the State 
University of New York at Buffalo. 
The 1 '4-mile section of Interstate 
880 that collapsed, crushing dozens of 
people in their cars, rested on soft Bay 
mud. Some experts believe that the 
Cypress collapsed because it began 
resonating at the same frequency as 
the soil around it—amplifying the 
quake's effects. The surviving sections 
of the freeway were constructed on 
alluvium—a more stable sediment 
compacted naturally over eons. 


e Oakland freeway—the first el- 
evated freeway in California and 
the second in the nation—was de- 

signed in 1954 and completed three 
years later. Yet other bridges built 
around the same time—such as the 
Sierra Point Bridge (see box, Rolling 
with the Seismic Punches) and the 
Embarcadero viaduct in San Francisco 
performed better than the Cypress. 
Why? 

Engineers from the University of 
California, Berkeley, have conducted 
tests on the earthquake-damaged sec- 
tion of Interstate 880 to find out why 
its support columns could not with- 
stand the enormous forces of the Oc- 
tober 17 jolt. The tests involved jack- 
ing up the roadway and moving it 
from side to side (see photo next page). 
The jacks exerted 1.8 million pounds 
of force, more than twice the amount 
the structure was designed to with- 
stand during a quake, according to 
Jack Moehle, the civil engineering 
professor in charge of the research. 

"This is now the world's shortest 
freeway and the world's largest struc- 
ture for seismic simulation," Moehle 
said of the $500,000 project. 

The tests have confirmed engineers' 
initial suspicions that the freeway col- 
lapsed largely because the force of the 
7.1-magnitude quake caused the up- 
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per columns to shear away from the 
points where they joined the lower 
deck. The two decks are built like ta- 
bles, one sitting on top of the other. 

Moehle and his colleagues reported 
that cracks that formed in the struc- 
ture during the December tests were 
typical of those that occurred during 
the quake. “The culprit was the crack 
[in the pillars] that we've already 
identified, but we don't know how it 
got there," Moehle said. "It's like a 
flower pot that falls from a window 
sill. You know it cracked when it hit 
the pavement, but you don't know 
what knocked it off the sill.” 

What engineers did find, however, 
was that the freeway was much 
Stronger than they had believed. The 
key problem is that the structure 
lacked "toughness," a quality Moehle 
defined as the freeway's ability to 
bend but not break during a strong 
quake. “I don't believe it's necessary 
to give [San Francisco freeways] great- 
er strength—just greater toughness," 
he said. *My expectation is that the 
freeways are strong enough." 


uring the quake, the Cypress vi- 

aduct responded like a strong 

drinking glass that is unbreak- 
able up to a point but will shatter 
when struck with a powerful force, 
Moehle said. It would have been a 
tougher structure, he added, if its col- 
umns had been built with more rein- 
forcing steel. 

Moehle said engineers from the 
state Department of Transportation 
and private consulting firms have de- 
vised three possible methods for rein- 
forcing the freeways' columns, using 
varying combinations of steel plates, 
I-beam splints, or concrete-embedded 
steel reinforcing rods. 

The least complicated method of re- 
inforcement of the freeways entails 
drilling laterally through the lower 
part of the upper deck's support col- 
umns and inserting steel tension rods 
connected to the decks that would keep 
the columns from shearing away dur- 
ing a quake. In this technique, engi- 
neers would also bolt steel clamps 
around the columns to keep them from 
splintering. 

In the second reinforcing system, 
ironworkers would strap long steel 
I-beams to the columns, running from 
the ground to the top of the freeway, 
to act like splints. 

The third method would fasten one- 
inch-thick steel jackets around the 
lower parts of the columns in the area 
where the pillars are most likely to 
break. This system would also include 
Steel jacketing on the inside and out- 
side of the upper sections of the 
columns. 
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California transportation depart- 
ment (Caltrans) spokesman Robert 
Halligan said the agency would an- 
nounce in early 1990 which of the re- 
inforcement systems it will use on the 
Bay Area’s remaining double-decked 
freeways, which were built in the 1950s 
and '60s. 

Interstate 880 was one of the struc- 
tures feeding traffic to the Oakland 
Bay Bridge. The bridge consists of 
three parts: a suspension section from 
San Francisco to Yerba Buena Island 
in the middle of the bay; a tunnel sec- 
tion running through the island; and 
a cantilever section from Yerba Buena 
to the elevated bridge approach from 
Oakland. 

Like the suspension-engineered 
Golden Gate Bridge, the suspension 
section of the Bay Bridge is designed 
to withstand high winds and earth- 
quakes by swaying from side to side. 
Both the Golden Gate Bridge and the 
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suspension section of the Bay Bridge 
were unaffected by the quake. The Bay 
Bridge's more rigid roadway approach 
from Oakland to the cantilever sec- 
tion suffered the damage. The break 
occurred where the roadway, supported 
by a steel girder superstructure, meets 
a series of trusses on the approach to 
the cantilever section. 

James Roberts, chief bridge builder 
for Caltrans, said that the earth- 
quake's seismic waves, believed by 
seismologists to have run from south 
to north, hit the east-west Bay Bridge 
laterally. 

Standing at the San Francisco side 
of the yawning gap where a 50-by-60- 
foot concrete section of the five-lane 
westbound top deck collapsed onto the 
five-lane eastbound lower deck, 
Caltrans spokeswoman Lisa Murphy 
pointed below to a concrete-based, 
four-column anchor tower of criss- 
crossed steel girders on the Oakland 


Using huge hydraulic jacks, 
engineers from the University 
of California, Berkeley, shook 
the upper deck of the crippled 
Cypress viaduct from side to 
side to simulate earthquake 
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forces. The test will help them 
decide how to reinforce the 
freeway's still-standing 
portions. 


A researcher affixes a sheet 
of wire mesh to а brick wall 
that will be tested for earth- 
quake resistance. The mesh 
prevents individual bricks from 
falling. 


side of the break. “When the quake 
hit,” Murphy said over the roar of the 
repair crew’s sandblasters, “that tower 
lurched pretty heavily.” 

As the tower jerked, 20 anchor bolts 
attaching the top of the tower to the 
bridge’s upper level roadbed sheared 
off. The bolts, six inches long and an 
inch in diameter, were designed to 
withstand a force of 500,000 pounds. 
Caltrans engineers estimate the earth- 
quake brought to bear a force of about 
two million pounds on the bolts. By 
comparison, the space shuttle lifts off 
the launch pad with 1.8 million 
pounds of force. (Two and a half weeks 
after the quake, Caltrans officials dis- 
covered that dozens of thick steel bolts 
—some two inches in diameter—also 
were stretched and torn, apparently 
by the up-and-down bouncing of the 
bridge during the shaker.) 

The upper deck now rested on the 
tower. When the anchor bolts sheared, 


they allowed a crucial truss on the an- 
chor tower, and the 1 '4-mile roadway 
approach, to be jerked 11 inches east, 
toward Oakland. One end of the road- 
way span pulled off its five bearing 
seats on the underlying support and 
dropped like a trap door. A 250-ton 
slab of the upper deck fell on the 
lower-deck roadway at a 45-degree 
angle. When the quake stopped, the 
bridge moved six inches back toward 
San Francisco and jammed against the 
fallen roadway. It came to rest one lat- 
eral inch out of alignment. 

“It’s like putting leaves in a dining 
room table,” said Caltrans’ Roberts. 
"There's plenty of support on either 
side, but if you pull the table out too 
far, the leaves drop.” 

According to Caltrans official Hal- 
ligan, that’s what this section of the 
bridge approach was designed to do. 
If the bolts had held, the tower be- 
neath the collapsed roadway might 


have buckled and broken. “It was like 
a fuse in an electrical system or a 
safety valve,” Halligan said. “If that 
part hadn't given way, that tower could 
have fallen into the truss girder or 
even the cantilever.” 


repair the damage required gen- 
erating almost as much force as 
the earthquake itself. Some 10 
million pounds of bridge had to be 
pulled back toward San Francisco 
and then moved one inch laterally 
back into alignment. New bolts were 
installed by work crews to fix the 
position. 

The rebuilt section features a 
change in structural design. Before the 
quake, the lower span of the bridge 
rested on 10 longitudinal girders, the 
upper on four. The rehabilitated de- 
sign called for 10 girders on both lev- 
els. For extra strength, short braces 
were attached between the I-beams. 


ROLLING WITH THE SEISMIC PUNCHES 


A technology called seismic isolation is getting 
high marks in the Loma Prieta examinations. 
The idea behind this technology is that if a 
building can be isolated from the ground, it 
will be protected from the ground’s motion. 
About 150 structures in the world now have 
seismic isolation systems, according to John 
B. Mander, assistant professor of civil engi- 
neering at the State University of New York at 
Buffalo. Most of them are in Japan. 

To isolate a building from the ground, en- 
gineers place it on rollers, springs, tetra- 
fluorocarbon sheets, or rubber-and-steel 
bearings. Bearings, the most common type of 
isolator, usually have a center hole: The bearing 
dissipates heat by moving against a lead peg 
in the hole (see drawing). Isolators are installed 
at the top of the basement's columns, in the 
middle, or in the sub-basement. Like a car's 
shock absorbers, they give the occupants and 
contents of a building a more comfortable ride 
during an earthquake. 

Base isolation has been used to preserve 
the architectural integrity of historical struc- 
tures such as an 1894 civic center located in 
Salt Lake City, two miles from a fault line. 
“They jacked up the building, cut off part of 
the columns, and put the building on rubber 
bearings,” Mander said. 

Bearings can be used for other types of 
structures too. Part of Stanford University’s 
linear accelerator rests on bearings made by 
Dynamic Isolation Systems of Berkeley, Calif. 
The company also makes bearings used to 
isolate bridge decks from their footings. 

The overhead Sierra Point Bridge on U.S. 
Highway 101 about a mile south of Candlestick 
Park (see photo) was built the same year as 
the Cypress viaduct. But unlike the Cypress, 
it was retrofitted—for seven percent of its 
estimated replacement cost—with bearings a 
few years ago. Sierra Point, which admittedly 
rests on firmer soil than the Cypress does, 
was not damaged in the Loma Prieta earth- 
quake.—Dawn Stover 
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Built in 1957, the Sierra Point Bridge was 
retrofitted with lead-rubber isolators in 1985. 


SEISMIC ISOLATION BEARINGS 
LEAD CORE RUBBER COVER 
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'STEEL LOAD PLATES 
STEEL REINFORCING PLATES 
INTERNAL RUBBER LAYERS 


A conventional building (top) deforms during an earthquake. Ground accelerations are amplified 
on the higher floors, causing structural damage and shaking up the building's contents. A 
seismically isolated structure (above left) rests on bearings that dissipate energy. Each bearing 
(above right) contains layers of steel plates and rubber pads. A lead core absorbs heat. 
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BENEATH THE SAN ANDREAS FAULT LINE 


JAN. 1, 1969 TO 
JULY 31, 1989 


Instruments placed along a 360-kilometer 
Stretch of the San Andreas fault line have 
documented a number of earthquakes during 
the 20 years prior to the Loma Prieta temblor 
(top). Shocks and aftershocks recorded by 
the U.S. Geological Survey are represented by 
Circles on an underground map. The larger 
thecircle, the bigger the shock. 
Seismologists studying these records look 
for gaps—segments of the fault line that have 
been inactive for a while. In these quiet 
areas, they believe, underground strains are 
building up as Earth's crustal plates creep 
past each other. The Loma Prieta earthquake 


(bottom), which appears to have filled in one 
gap along the San Andreas fault, was 
probably caused by a sudden slip on a “stuck 
patch," says the USGS. “We did anticipate 
where the earthquake would be," said Robert 
M. Hamilton, a geophysicist at the USGS in 
Reston, Va. "It gives us more confidence that 
we understand how the fault system works.” 
The Loma Prieta quake wasn't entirely 
predictable though. Its focal center was 
about 11 miles below the surface, much 
deeper than expected. (The focal center is 
the point from which the forces emanate; the 
epicenter is on Earth's surface.) Most earth- 
quakes along the San Andreas fault line have 
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originated about six miles underground. 

Remaining seismic gaps are in the San 
Francisco vicinity and near Parkfield, an area 
in central California where seismologists have 
installed an elaborate array of instruments. 
Not only do they plan to measure the next 
quake, but they're also looking for any 
abnormalities that may precede it. "We've 
been working for ten or fifteen years, trying to 
detect precursors," said Hamilton. One can- 
didate: a change in Earth's magnetic field. 
Electrical engineer Antony Fraser-Smith, who 
was conducting a U.S. Navy research project 
at Stanford when the Loma Prieta earthquake 
struck, claims to have measured strong 
signals on a magnetometer—perhaps gen- 
erated by rocks under pressure.—D. S. 


Then a barge crane lowered new con- 
crete deck slabs onto the structure. 
The Bay Bridge was one of the few 
structures built in the last 15 years 
damaged by the Loma Prieta earth- 
quake. *Most new construction in the 
region did very well," Mahin of Berke- 
ley said at the Congressional briefing. 


е San Fernando earthquake of 
1971 taught engineers that build- 
ings need to be ductile as well as 

strong. “We now design buildings to 
be flexible instead of stiff, so they can 
bend like willows in the wind," said 
author Salvadori. 

A material that's ductile can be 
stretched or bent without breaking. A 
paper clip, for example, has high duc- 
tility; a piece of chalk has almost 
none. Steel is what usually provides 
ductility in a building. Concrete, on 
the other hand, is strong but brittle. 

Engineers will often design build- 
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ings with strong columns and weaker 
beams to provide ductility. “You de- 
liberately allow the building to yield 
at certain spots called hinges,” ex- 
plains John B. Mander, a professor at 
the State University of New York at 
Buffalo. 

Ductility has been built into sky- 
scrapers so that they can sway in the 
wind when necessary. Wind forces 
aren't exactly the same as earthquake 
forces, says Lew of the National In- 
stitute of Standards and Technology. 
“Wind is blown onto the surface, and 
the force is transmitted to the inside. 
An earthquake is the other way 
around." 

Nevertheless, a building designed to 
handle wind usually does well in a 
quake. When Salvadori's son, who has 
lived in San Francisco for 12 years, 
asked his father where he should be 
during an earthquake, Salvadori re- 
sponded: "At the top of the Bank of 


America building. High-rise skyscrap- 
ers are absolutely safe." 

Tall buildings do tend to extend the 
effects of an earthquake, however. 
Mahin reported that a 32-story build- 
ing equipped with earthquake-mea- 
suring instruments did well in the 
Loma Prieta temblor. “But for a ten- 
second earthquake, the motion in this 
building went on for eighty seconds," 
he said. The inside of the building was 
littered with fallen filing cabinets. 

Many newer buildings didn't col- 
lapse, but they did show signs of dam- 
age. In a worse quake, they might not 
survive. ^We should not be patting 
ourselves on the back for having so 
little damage," said Richard N. 
Wright, director of the Center for 
Building Technology at the National 
Institute of Standards and Technology. 
“This was not the earthquake for 
which we designed buildings in San 
Francisco. It wasn't as close or as big." 


When investigators examine build- 
ings after a quake, they look for “in- 
teresting” damage. “It’s valuable to get 
to an earthquake promptly,” said 
Wright. “Otherwise, rescue operations 
take away the evidence—it’s like try- 
ing to study a traffic accident after 
the tow trucks have pulled the cars 
apart. 

“Most of the time you don’t learn 
as much from the gross damage as 
from a subtle look at the things that 
worked well,” said Wright. The suc- 
cess of experimental systems such as 


isolators (see Rolling with the Seis- 
mic Punches) and active controls (see 
Dynamic Duo Makes Buildings Stand 
Still) that have survived earthquakes 
is encouraging. 


able to design buildings that are 

learthquake-proof. Of course, the 
cost will initially be prohibitive for all 
but the most critical structures—nu- 
clear power plants and hospitals, for 
example. But that's the goal of many 
earthquake engineers. Standing in the 


E researchers may even be 


earthquake testing laboratory at the 
National Center for Earthquake En- 
gineering Research, John Mander 
says: "In the future, we should be 
able to hold a building absolutely 
stationary" 

With a 30-percent chance of a 7.0 
or greater quake on the Hayward fault 
(which runs from east of San Jose 
north through Oakland to Richmond) 
in the next 30 years, and with the Big 
One on its way, there will be no lack 
of opportunities to design the un- 
shakeable building. us 


DYNAMIC DUO MAKES BUILDINGS STAND STILL 


A building might fall down in an earthquake, 
but you probably won't. Humans keep their 
balance by leaning to one side when an 
external force pushes them in the opposite 
direction. Now engineers are trying to design 
buildings with that same ability. 

An experimental building in Tokyo uses two 
computer-controlled systems to steady itself: 
active tendons developed at the National 
Center for Earthquake Engineering Research 
in Buffalo, N.Y., and an active mass damper 
designed by Takenaka Corp., the Japanese 
company that built the six-story test structure. 

The damper is a six-ton weight (10 of the 
building's total weight) that moves around on 
top of the building, guided by hydraulic 
actuators. The active mass damper evolved 
from passive systems such as the tuned mass. 
damper in New York's Citicorp Center—a 
410-ton concrete block that works like a 
pendulum to counteract building sway [''Build- 
ings that Keep Their Balance," Aug. '85]. 

The tendons, tensioned steel tubes attached 
to pistons anchored in the first floor, can be 
shortened by a few thousandths of an inch to 
pull the building to one side. The tendons 
alone "will cut the influence of an earthquake 
in half," claims Andrei Reinhorn, an associate 
professor of civil engineering at the State 
University of New York at Buffalo who is one 
of the project's principal investigators. 

Both systems are controlled by a computer 
that receives information from motion sensors 
implanted in the building and rapidly makes 
adjustments. It works somewhat like a rocket's 
guidance system, Reinhorn explained. “You 
establish a certain target. You receive some 
signals, compare them with the target, and 
make small changes,” he said. “Тһе target is 
that the building will stay still." 

The tendons and the damper will be tested 
individually over the next five years. They'll 
also be tested against each other—one will 
induce motion while the other attempts to 
cancel the motion. One potential problem to 
be investigated: power shortages. 

Meanwhile, an active mass system has 
already been installed in an 11-story building 
in downtown Tokyo, completed last August. 
Built by Kajima Corp., a major Japanese 
construction company, the building uses two 
weights— suspended above the top floor—to 
resist the forces of winds and earthquakes. A 
four-ton mass in the center of the building 
moves back and forth to cancel swaying 
motions, while a one-ton mass on one side 
cancels twisting motions. 


Kajima's "dynamic intelligent" building 
responded to a typhoon last August. When 
the 40-mph winds were at their peak, Mitsuo 
Sakamoto, a Kajima manager monitoring the 
new system, deactivated the mass drivers. With 
the system off, the top floor was subjected to. 
an acceleration of 4 gal. (The acceleration 


ACTUATOR (20 TONS) 


of gravity is 981 gal.) With the system on, the 

acceleration was cut to 1.7 gal. "People can 

feel the acceleration when it reaches around 

three gal," Sakamoto says. "When it reaches 

four gal, the motion begins to make people 

dizzy.’—Dawn Stover with Dennis Normile 
in Tokyo 
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VARIABLE 
TIMING 


More powerful, cleaner-running engines 
can be achieved by precisely controlling 


when valves open and shut. 


By DAN McCOSH 
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o the hard-core performance 
enthusiast, an engine with a high- 
output camshaft sounds a song as 
distinctive and guttural as a bull 
moose's mating call. This rough idle 
will demand a periodic blast of the 
throttle to keep the spark plugs 
clear. Perfect for a dramatic buildup 
at the drag strip, but as practical for 
the everyday driver as two flat tires. 

But in a research lab in Auburn, 
Ind.—ancestral home of the legend- 
ary Auburn and Cord automobiles —I 
was hearing some distinctive new 
sounds. An electric motor was turn- 
ing an experimental engine slowly 
enough that I could watch and listen 
to the engine's valves as they open and 
close. Instead of the 
expected snaky up- 
and-down motion that 
is defined by a me- 
chanical camshaft, 
these valves popped 
open and slammed 
shut with crisp preci- 
sion. Emanating from 
the experimental en- 
gine was a clip-clop, 
clip-clop sound, some- 
thing like an elec- 
tronic rendition of a 
horse prancing on 
cobblestones. 

The engine, devel- 
oped by Magnavox 
Electronic Systems, 
was running without 
a camshaft. Instead, 
the valves were being 
opened and closed by 
a pneumatic actuator 
that allows any com- 
bination of valve lift 
and timing—the ultimate in control 
of the engine's intake and exhaust 
valves. As the clip-clop sound began 
to pervade the laboratory, I realized I 
was listening to the sound of the 
future. 

This radical solution may be several 
years away, but variable valve timing 
is here now. Mercedes-Benz, Nissan, 
and Honda recently introduced over- 
head-cam engines that adjust valve 
timing with engine speed for increased 
power and lower exhaust emissions. 
For the first time in many years, en- 
gineers are examining the valve train 
with an eye toward redesigning it. 

“We've been studying the engine as 
if we had just started to design it from 
scratch. We've been asking ourselves 
how would we do it if we knew then 
what we know now,” says Jack Ober- 
meyer, Magnavox's chief engineer. This 
radical answer includes eliminating 
most of the engine's basic valve mech- 
anism, including the camshaft, valve 
springs, pushrods, and rocker arms. 


This frees the designer from the re- 
Strictions imposed by mechanical ge- 
ometry, allowing new and previously 
discounted ideas to be explored. 

“Variable valve timing is the most 
significant new development in engine 
design since fuel injection," asserts 
Mercedes-Benz engine designer Jorg 
Abthoff. Abthoff feels that a totally 
optimized valve train could improve 
horsepower by 15 to 20 percent com- 
pared with today's best designs, or in- 
crease fuel economy by a like amount. 
This advance would allow car makers 
to comply with expected stringent 
fuel-economy regulations, without 
sacrificing power. 

“Fuel economy is the big driver," 
says John Huston, chief power-train 
engineer at Ford. His goal is to de- 
velop a four-liter V8 with the per- 
formance of today's five-liter engine. 
Variable valve timing is a key ele- 
ment that would allow his goal to be 
achieved. 


eneral Motors, which demon- 
strated the benefits of variable 
valve timing on a research en- 
gine 15 years ago, has yet to commit 
a system to production, but appears in- 
terested. ^We were getting about fifty 
horsepower per liter of displacement 
with pushrods," says Roger Heimbuch, 
executive engineer for power-train sys- 
tems at GM. "Then sixty horsepower 
per liter with overhead cams, seventy 
to seventy-five horsepower per liter 
with four valves per cylinder, and 
eighty-five to ninety horsepower per li- 
ter with tuned port induction. Then you 
add variable valve timing, and you can 
push to one hundred horsepower per 
liter or so." He adds that the payoff is 
being able to make the engine, trans- 
mission, and structure smaller to im- 
prove the car's efficiency. 
What's behind this sudden revival 
of interest in controlling valves? 
The action of the valves is a trade- 
off between engine power and smooth 
operation of the valve mechanism. A 
valve train actuated by a conventional 
mechanical camshaft, designed for 
maximum horsepower at high rpm, 
opens the intake valve quickly to take 
a large gulp of fuel and air on the in- 
take stroke. But the same setup dis- 
turbs the patterns of airflow inside the 
engine at lower speeds. So today's cam- 
shaft designs end up as a compromise 
between optimum performance and ac- 
ceptable drivability. That's why a prac- 
tical method of varying valve timing 
while an engine is operating has been 
a Holy Grail for engine designers, 
yielding some 800 patents in the 
United States alone. Only a handful 
have made it to production (Alfa Ro- 
meo introduced it in 1980), and until 


To maximize output but retain a steady idle, Honda developed 
а valve-train assembly with two distinct cam-timing and lift 


the locking pin slides into place to bring a high-lift, long- 
overlap cam profile into play to increase engine torque and 
power. In effect, this gives the engine two cam lobe profiles to 
work with: an economical cam for steady idle and low-end 
L^ GU torque at light loads, and a high-output cam for high performance. 


VALVE SPRING 


recently none have been a resound- 
ing success. 

The reason is that the conventional 
camshaft-operated valve train is an el- 
egant, if somewhat limited, system. 
The valve will seal intake and exhaust 
ports in the cylinder head with a 
spring and the force of engine com- 
pression until it is opened 
by an egg-shaped rotating 
lobe of the camshaft press- 
ing on the valve stem or a 
rocker arm. The cam-oper- 
ated engine valve does this 
about 250,000 times during 
a typical drive to the office 
and back home. Engine 
valves routinely exceed a 
lifetime of 100,000 miles of 
driving, operating red hot 
with precious little lubrica- 
tion. To increase the poppet 
valve's longevity, the shape 
of the lobe has been de- 
signed to move the valve 
smoothly, thus reducing 
wear from impact on the 
valve seat. But this smooth 
motion is at odds with let- 
ting the maximum amount 
of air and fuel into the cyl- 
inder. A cam that is de- 
signed to extract maximum 
power from an engine will 
open the valves quickly and 
abruptly, leaving them open 
as long as possible. Ideally, 
the valve would be pushed 
to its maximum lift nearly 
instantaneously, then 
slammed shut at the last in- 
stant in a so-called “square- 
wave" cycle to admit the 
maximum fuel-air charge 
into the cylinder (see chart). By con- 
trast, a mechanical camshaft opens 
and closes valves gradually in a sine- 
wave pattern. 

Another important consideration 
locked in steel by the conventional 
camshaft is the timing of when the 
valves open and close, which deter- 
mines the amount of valve overlap 
—the brief interval when the exhaust 
valve is still closing and the intake 
valve is starting to open. The shape 
of the cam lobe also determines how 
long the valves stay open and how far. 
Breaking out of these restrictions, the 
first efforts to control valve operation 
have concentrated on timing. 

Mercedes-Benz, for example, recent- 
ly unveiled two new engines for its 
SL models that can optimize valve 
timing for different engine speeds. The 
DOHC engine's intake camshaft has 
а hydraulic mechanism that allows it 
to be rotated relative to its drive sprock- 
et, yielding a 20-degree shift in intake 
timing (as used on the V8). 
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At idle, the intake valve opening is 
delayed to eliminate valve overlap and 
smooth the idle. From 2,000 to 4,700 
rpm, the intake cam is set to open 
early—before the exhaust valve has 
closed, to produce significant valve 
overlap—to improve mid-range power 
by seven percent and slightly increase 
torque. 

Above 4,700 rpm, the in- 
take cam returns to its re- 
tarded position. Late valve 
closing allows more time for 
the fuel-air mixture to fill 
the cylinder at high speeds, 
which improves the engine’s 
peak power output and cuts 
emissions, according to Mer- 
cedes-Benz. 


CONVENTIONAL IDEAL SQUARE WAVE FUNCTION 


VALVE TRAIN 


EXHAUST INTAKE 


The Mercedes-Benz sys- 
tem, which is similar to that 
used on the Infiniti Q45 and 
Nissan 300ZX sports car, 
gives the engine two varia- 
tions of valve timing, each 
suited to a particular engine 
speed range. After driving 
both systems, I was im- 
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Top: The graph of valve lift with respect to crankshaft position shows the 
theoretically ideal “square wave” cycle that accelerates a valve to its 
open position in an instant, keeps it open, and then shuts it as quickly. 
Tighter control over the amount of time the valve is open can increase 
output and reduce exhaust emissions as compared with a conventional 
valve train that traces a sine-wave shape. 

Below: A Magnavox experimental camless valve actuation device 
(shown closed) operates by compressed ай, with the impact of rapid 
valve closing softened by computer-controlled electromagnets. 
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pressed by the smooth ac- 
tion of the variable-timing 
mechanisms, especially be- 
cause the driver can't per- 
ceive the crossover point be- 
tween valve settings. 
Honda has elaborated on 
the phase-change approach 
with a system that amounts 
to two different cam lobes 
and cam followers for each 
valve (see drawing). A so- 
lenoid-actuated pin locks 
the cam followers together 
to shift from the low-speed 
cam profile to the one opti- 
mized for high revving power. The 
switch-over point is determined by the 
computer using sensors that monitor 
vehicle speed, engine speed and load, 
and coolant temperature. Honda re- 
cently unveiled the system on the 
Japanese-market Integra and Civic, 
and it is expected to be used on its 
eagerly awaited NS-X sports car en- 
gine. Honda's system lets a non-tur- 
bocharged engine get to the magic 
100-hp-per-liter level with acceptable 
exhaust emissions and fuel economy. 
But none of the work on valve tim- 
ing alone has as dramatic an impact 
on engine design as a completely pro- 
grammable mechanism that escapes 
the limitation of the camshaft alto- 
gether. Such an engine, developed by 
researchers at Stanford University in 
California, runs at the General Mo- 
tors Research Laboratories. Each valve 
is operated by a pair of electronically 
actuated hydraulic cylinders that tow- 
er over the engine; a personal com- 
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OPTIMUS 


A GREAT NEW NAME IN QUALITY 
STATE-OF-THE-ART AUTOSOUND 


DYNAMITE STEREO, 
HIGH POWER, 
ATTRACTIVE PRICE 


Radio Shack’s exclusive new 
Optimus equipment offers you 
super sound, easy operation and 
great styling—backed by world 
class engineering and quality 
control. Top of the new line, the 
AM/FM stereo cassette shown, 
has auto-reverse, Dolby* B 
noise reduction and a powerful 
30-watt amplifier. The tuner is 
digital-electronic with convenient 
up/down “seek” function. It 
stores up to 30 stations manually 
or completely automatically with 


the touch of a button. You also 
get an extra-large LCD time and 
tuning display, cassette auto- 
search, front/rear speaker fader, 


line in/out for connecting an out- 
board equalizer or power ampli- 
fier, even a front-panel CD jack. 
A super value at only $259.95 


DISCOVER THE 
BEST-BACKED 
BRAND IN AMERICA 


Radio Shack stands behind 
every Optimus component with 
customer service and support at 
7000 locations nationwide. See 
the all-new Optimus autosound 
and home stereo components at 
the Radio Shack near you. 


FREE 184-Page Catalog! Write to: 
Radio Shack, Dept. 016-05, 

300 One Tandy Center, 

Fort Worth, TX 76102 


Price applies at participating Radio Shack stores and dealers, 
"ТМ Dolby Laboratories Licensing Corp. 
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A DIVISION OF TANDY CORPORATION 


By DON SHERMAN 


The Corvette ZR-l's brute-force V8 boosts power dramatically. 
The standard L98 Corvette is still more agile, however. 


hevrolet’s ZR-1 “king of 
the hill” Corvette is, 
with the possible excep- 
tion of General Motors’ 
Saturn project, the most 
publicized and over- 
hyped automobile ever 
toturna wheel. PoPULAR 
Science editors reported rumors of the 
car three years ago, we were teased 
with technical presentations two years 
ago, and we drove prototypes in France 
early in 1989. Finally, the assembly 
lines are humming, and we've had a 
chance to thoroughly test a true pro- 
duction example of this much bally- 
hooed sports car. Two questions that 
have been left hanging for months 


may now be definitively answered: Is 
the ZR-1 as good as it was intended 
to be? And is this Corvette's blend of 
advanced technology and spectacular 
performance truly worth $59,175 (plus 
tax, license, shipping charges, and a 
generous gratuity to the dealer who 
actually succeeds in delivering this 
much sought-after automobile)? 


linding an appropriate rival to com- 
pare with the ZR-1 Corvette was 
no small task. There is no direct 
competitor, even within the ranks of 
the Ferrari, Lamborghini, and Porsche 
exotics. In the end, we chose a garden- 
variety L98 Corvette as the reference 
so that we might ascertain the benefits 


of the $27,016 ZR-1 special perform- 
ance package in considerable detail. 

The current Corvette, now seven 
years old, has aged gracefully thanks 
to regular infusions of state-of-the-art 
technology. Chevy engineers have dili- 
gently boosted power output with more 
efficient fuel injection and exhaust sys- 
tems; they've raised braking capacity 
with larger rotors and calipers; and 
they've stretched the Corvette's per- 
formance envelope with the addition 
of an anti-lock brake system and wider 
tires mounted to 17-inch wheels. In 
the 1989 model year alone, both the 
ZF six-speed transmission and selec- 
tive ride control (electronically man- 
aged shock absorbers) were introduced. 


POPULARSCIENCE MARCH 1990 | 87 


4 
88 | POPULARSCIENCE MARCH 1990 


That old saw about racing improv- 
ing the breed really does describe the 
evolution of America’s only sports car. 
The Corvette development group suc- 
cessfully used the race track as its cru- 
cible and in doing so achieved two pri- 
mary goals. The Corvette became a 
quicker, tougher, and more confident 
high-speed automobile in a relatively 
short period of time. And it won sev- 
eral endurance races and season cham- 
pionships, adding luster to Chevrolet’s 
image. 

For 1990, the hot Corvette news is 
the availability of the long-awaited 
ZR-1 package. A more advanced ABS 
II-S system, which uses input from a 
lateral accelerometer to improve sta- 
bility while braking in turns, has been 
fitted to all models, and there's been 
a complete interior overhaul. In addi- 
tion, the performance of the base Cor- 
vette's engine (designated L98) has 
been increased slightly thanks to ligh- 
ter weight pistons and a new speed- 
density fuel-injection system, which 
eliminates the mass airflow sensor of 
previous years. 

When you check the ZR-1 box on a 
Corvette order form, what you get for 
an option package that costs roughly 
twice the price of an average automo- 
bile is: an LT5 32-valve, double-over- 
head-cam, 5.7-liter, V8 engine rated 
at 375 horsepower; Goodyear Eagle 
P315 35-series tires and wider wheels 
at the rear (the front tires are 
P275/40ZR17 as on the L98 version); 
a performance handling package; se- 
lective ride control; a low-tire-pressure 
warning system; fatter rear fenders to 
cover the wider rear tires (overall car 
width jumps by three inches); a unique 
rear facia panel, taillights, and ex- 
haust tips; a top-of-the-line Delco/Bose 
sound system (including cassette and 


CD players); and leather-covered, mul- 
ti-adjustable sport seats. In other 
words, the $27,016 tab covers much 
more than just the simple addition of 
125 hp and 25 pound-feet of torque. 

An excellent way to compare the dif- 
ference between these two engines is 
to study their torque and horsepower 
curves (see box, Dual-personality En- 
gine). Below 3,000 rpm, the distinc- 
tions are slight and largely attribut- 
able to the LT5's higher compression 
ratio (11.0:1 versus 9.5:1 for the L98 
engine). Beyond 3,000 rpm, the curves 
go their separate ways. The L98's 
torque curve peaks at a relatively low 
3,200 rpm because it lacks the volu- 
metric efficiency (breathing ability) of 
the 32-valve engine. The LT5 torque 
curve peaks 2,400 rpm later, at 5,600 
rpm. At the L98's 4,800-rpm redline, 
the LT5 has a 100-hp advantage, and 
its power curve is steeply climbing, 
while it's time to pull the shift lever 
in the L98 Corvette. 


t the test track, we pitted the two 
Corvettes against each other in 
ur usual battery of acceleration, 
braking and handling, and sound-level 
tests. During the prefight weigh-in, we 
found that the more muscular ZR-1 
is heavier by a significant 164 pounds. 
Even though many engine components 
are cast aluminum, the LT5 engine 
is a far more complex power plant, 
weighing 39 pounds more than a com- 
parable iron-block L98 engine. The 
other 125 pounds comes from the ex- 
tra chassis and body componentry 
noted above. 

Even with the extra weight to haul 
around, the ZR-1 has a vastly supe- 
rior power-to-weight ratio and wastes 
no time showing its square taillights 
to the junior member of this Corvette 


team. With tires smoking and engines 
straining against their yokes, the two 
cars accelerate neck and neck to 30 
mph. By 60 mph, the ZR-1 has pulled 
out a five-car-length lead and is rap- 
idly disappearing from view. The L98 
engine Corvette will accelerate from 
rest to mile-a-minute in a brisk six 
seconds flat. On the other hand, the 
ZR-1 gets there in a phenomenally 
quick 4.8 seconds, making it one of 
the best accelerating cars on the 
road at any price. 


either of these cars shines in top- 
gear passing ti cause of the 
combination of an 0.50:1 over- 
drive sixth gear ratio and a 3.45:1 
(ZR-1) or 3.33 (base) final drive ratio. 
This means that while both cars are 
ideally geared for cruising at well over 
100 mph, they suffer when driven be- 
low the national speed limit. Acceler- 
ating from 30 to 50 mph or from 50 
to 70 mph in either Corvette takes 
about 12 seconds. Chevrolet uses the 
ultra-high ratios to improve EPA high- 
way fuel economy ratings so the Cor- 
vettes won't suffer the gas-guzzler 
stigma. The strategy works too, as the 
LT5 achieves the same mileage rat- 
ings—16 mpg in the city and 25 mpg 
on the highway—as the L98, despite 
having 50 percent more horsepower. 
In stopping-performance tests, the 
fat-tired, ABS-equipped Corvettes feel 
as if they've snagged the arresting ca- 
ble of an aircraft carrier when the 
driver hits the brake pedal. From 60 
mph, either car will halt in 122 to 133 
feet with hot or cold brakes. We meas- 
ured no fade tendency whatsoever. 
Handling tests revealed that the un- 
derdog must not be counted out in this 
intramural match. In other words, the 
L98 Corvette equipped with the op- 


One on one, the ZR-1 Corvette can only be 
distinguished from its L98 sibling by its wider 
rear tires and panels. The restyled instrument 
panel, top, features a large digital speedometer 
and an analog tachometer 
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tional 751 performance handling pack- 
age beat the ZR-1 in all three of our 
road-holding maneuverability tests. 

On the skid pad, the base Corvette 
had the traction and balance of an 
Olympic speed skater; all four tires 
work in harmony to bend the car 
around the skid pad at 0.91 g. The 
ZR-1, on the other hand, ran out of 
front-tire adhesion somewhat prema- 
turely, at 0.88 g. With more weight 
on its feet and poorer balance, it lacks 
some of the cornering poise of the base 
model. Perhaps Corvette engineers 
should try using the ZR-1’s wider rear 
tires at the other end of the car. The 
story was the same in both the sla- 
lom and double-lane-change contests. 
Both Corvettes wiggle through the 
cones faster than anything we've tested 
in some time, though the base-engined 
car leads the way. 


ur final formal test—interior 
sound-level measurements— 
demonstrated that these two 
Sports cars are comparable at idle and 


while cruising, but they sing with 
drastically different voices when you 
press their throttles to the floor. The 
L98-engined Corvette issues a low 
rumble like distant thunder; its inte- 
rior noise peaks at 81 decibels. The 
ZR-1 inhales through a total of 11 
throttle plates and exhales through ex- 
haust pipes that are larger than a 
man's forearm. Its 16 intake runners 
are tuned for speed, not civility. Run 
the tach needle to the redline and you 
hear the soundtrack from the motion 
picture “Le Mans.” 

Those who enjoy having their ear- 
drums rattled as they’re sucked into 
the seat’s backrest by the force of ac- 
celeration will love the howl of air and 
fuel being converted to speed. On the 
other hand, owners whose threshold 
of pain is below the ZR-1 Corvette’s 
87-decibel peak will find this car bois- 
terous and boorish. For the latter 
group, Delco has engineered a sound 
system that automatically raises its 
volume to help drown out engine noise. 

On the road, either Corvette offers 


a healthy dose of automotive enter- 
tainment. Other than a blast on the 
Magnum roller coaster, there’s no finer 
place for g addicts to get their fixes. 
The mighty LT5 engine rockets the 
ZR-1 giddily forward at a peak accel- 
eration of 0.7 g. With four low-profile 
Goodyear Z-rated tires grabbing the 
pavement, the edge of the cornering 
envelope is 0.88 g. And in braking 
from 60 mph, the average deceleration 
is a remarkable 0.98 g. 

What distinguishes both Corvettes 
from most high-performance sports 
cars is that you can use all of their 
considerable capability day in and day 
out. The engines start every time and 
readily adapt to the fuel you feed 
them, though high-octane lead-free 
gasoline is a must for optimum per- 
formance. The handling is benign 
—even on wet pavement—so average 
drivers don’t have to be fearful of get- 
ting in over their heads. When the 
cornering or braking limits are ex- 
ceeded, it's easy to reel either Corvette 
back into line with simple instinctive 


DUAL-PERSONALITY ENGINE 


Listen up, Corvette lovers— SECONDARY 
your paramour is a WIMP no primary SECONDARY INTAKE RUNNER PRIMARY 
more. Forget the embarrass- THROTTLE "WROTILEVALVES ANDFUELINJECTOR INTAKE RUNNER 


ment of being outaccelerated МАШЕ 


by turbo V6 Buicks. Block out 
those memories of 1957 when 
the Corvette's power rating 
—with options up to 283 
horsepower— boasted a bigger 
number than today's L98 
(250-hp net). For 1990, the 
ZR-1 Corvette unconditional- 
ly brings the Mr. America 
title back home where it 
belongs. 

Measured on the old scale 
of SAE gross output (the stan- 
dard rating method used until 
the early 1970s), this 350- 
cubic-inch V8 places 425 hp 
at your beck and call, and does 
it with the agreeable compliance of a dignified 
family servant. 

Serving up that kind of absolute power while 
sparingly sipping fuel and exhaling an inof- 
fensive breath takes more than any old-fash- 
ioned hot rod could hope to deliver. Even one 
of the double-overhead-cam 32-valve V8 en- 
gines now coming at us from across both the 
Atlantic and Pacific wouldn't be enough to do 
the job. That is, unless the engineers of GM's 
subsidiary Group Lotus have imbued it with 
an owner-activated split personality. 

Think of the LT5 power plant as two en- 
gines in one: first, a mild-mannered workhorse 
with enough torque to motor away from a stop- 
light effortlessly, and then, available at the 
nudge of the accelerator pedal, the thrust of 
an unrestrained Saturn 5 booster rocket. To 
create this Jekyll-and-Hyde V8, a dual-mode 
intake system was devised. It preserves low- 


SECONDARY INTAKE RUNNER THROTTLE VALVE 


speed response and sets the stage for a free- 
breathing top-end surge. 

Like many other four-valve-per-cylinder en- 
gines, the LT5 incorporates a computer-con- 
trolled butterfly valve in one of each cylin- 
der's pair of intake ports. Driving at low 
speeds, the LT5 operates efficiently on the 
smaller primary intake passageways. Above 
3,500 rpm (or half throttle), the valves con- 
trolling the larger secondary ports swing open 
and their fuel injectors are switched on. Mean- 
while, up at the inlet throttle body, large sec- 
ondary throttle valves are yanked to their 
wide-open setting for low-restriction airflow. 
The carefully chosen transition point between 


AND FUEL INJECTOR 


intake modes makes for one smooth—and 
steeply climbing— power curve. In all, the LT5 
engine restores the awesome under-hood po- 
tency that has been missing from the Corvette 
for nearly two decades.— Brian Nadel 
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corrections: feathering the gas, a touch 
of countersteer, or, if necessary, an 
abrupt brake application. These cars 
aren't exactly spin-proof but they are, 
to a large extent, idiot-proof. 

A stout gear-shift lever swiftly and 
surely stirs the hefty cogs inside the 
ZF six-speed transmission. There's a 
substantial clunk with each gear 
change—a sound not unlike railroad 
tracks being switched—and a whine 
in the lower ratios. Otherwise, this 
German-made transmission is silently 
efficient. The gearbox also carries an 
electronically controlled shift gate that 
locks out second and third gears dur- 
ing part-throttle driving to keep fuel 
consumption low. It's a pity that the 
top two ratios are virtually useless for 
spirited driving at realistic speeds. 
With the transmission in sixth and the 
speedometer needle at 100 mph, the 
ZR-1's engine is burbling along at only 
2,350 rpm. To accelerate forcefully, one 
must drop down three gears, by which 
time that instigator in the Porsche 
Turbo is long gone. 


ists 0-60 mph (sec.) 


For those Corvette fans who waited 
in breathless anticipation for a 
new interior, we have some good 
news and some bad news: The rede- 
signed cockpit represents two steps for- 
ward and one back. Yes, there are im- 
provements galore. The old Atari-style 
speedometer and tachometer have been 
replaced by a conventional analog ta- 
chometer and an electronic digital 
speedometer. Windshield-wiper con- 
trols have been relocated to a steering 
column stalk. A genuinely useful glove 
compartment has been built into the 
sculptured instrument panel. There’s 
an air bag for the driver, a nicely 
contoured steering wheel, and a dra- 
matic shroud, which ties the instru- 
ment cluster to the central console. 


ile the new Corvette interior 

is generally well laid out, there 

are a number of problems. The 

new tachometer is too low for easy 
reading. The driver's seat-adjuster con- 
trols are sprinkled about in three dif- 
Continued on page 122 | 


BRAKING 60-0 mph (ft.) 


The ZR-1's free-rewing V8 produces great 
gobs of horsepower; a full-throttle launch 
makes you feel as if you've just fallen back- 
ward onto a waterbed. Once you're rolling down 
the road, though, the gear ratios specified by 
Chevrolet engineers to achieve their fuel- 
economy goals prove to be a costly compro- 
mise. All of that horsepower remains just a 
hollow promise unless you're willing to per- 
form a multiple-gear downshift that's guaran- 
teed to attract the attention of anyone. 
Other restrictions also apply. The computer- 
gated six-speed manual may improve fuel econ- 
omy, but it's irritating in city driving. The 
32-valve engine is reasonably smooth at low 
rpm, though it can be difficult to start. A lock- 
out key, designed to reserve full engine power 
for responsible drivers by cutting off the sec- 
ondary intake system, only seems to limit top- 


end speed, hence, is virtually useless. 

Together, all of these distractions make the 
basic L98 look better for day-to-day driving. 
The stock engine equals the ZR-1's 0-to-30- 
mph acceleration, providing the same rush. 
The L98 even has a slight edge in handling, 
as the heavier LT5 engine provokes some un- 
dersteer. Both cars share a tendency to wan- 
der over longitudinal ruts on the highway, but 
are close to perfection in cornering balance. 

Corvette owners take pride in maintaining 
their cars, but servicing the ZR-1 is not for 
amateurs. Even the dealership mechanics are 
restricted to external repairs, shipping the en- 
tire engine back to Mercury Marine in Okla- 
homa for serious fixes. 

For its flat-out race track performance, the 
ZR-1 Corvette is a remarkable engineering 
achievement. If your goal is real-world driv- 
ing, though, I'd say the base car is close 
enough.—Dan McCosh 
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Porter-Cable’s random-orbit 
sander looks like a disc sander, 
but you press the disc flat to 
your work and use it like an 
orbital. It is perfect for 
smoothing right-angle 

joints because the 

grain direction is 

immaterial. 


R THE SHOP 


By A. J. HAND and PHIL McCAFFERTY 


Just when 
you thought 
every tool you 
need has already 
been invented, 
along comes 
another to 
improve your 
work, speed it 
along, or make 
it safer. 
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or the past couple of years, 
my brother, who runs a large 
commercial wood shop, has 
been telling me to get my- 
self a random-orbit sander. 
“They’re actually made for 
auto-body work, but they’re 
great on wood,” he insists. 
“They cut fast, they’re easy to control, 
and they do very fine work.” 

I would have taken his advice, but 
the only high-quality random-orbit 
sanders I knew of were pneumatic, 
and they require more air than my 
compressor can supply. Then I got my 
hands on the new electric random- 
orbit sander made by Porter-Cable. I 
was amazed at the quality of its work. 

At first glance the tool looks like a 
five-inch disc sander, designed to take 
standard adhesive-backed discs. But 
the motor doesn’t spin the disc. In- 
stead, it drives an eccentric that moves 
the disc in a circular orbit about 
% inch in diameter. Meanwhile, the 
disc’s center shaft plugs into a bear- 
ing so it’s free to spin on its own axis 
—which it does, totally at random. 

Put these two actions together and 
you get the best of the belt and orbital 
sanding worlds. The big 12-inch orbit, 
cranking away at 6,000 rpm, gives you 
speed approaching that of a belt sand- 
er. Meanwhile, the random spinning 
of the disc breaks up the obvious swirl 
marks you'd normally get with a fixed 
orbit as large as / inch, resulting in 
a fine sanded finish. 

The sanding quality is so high that 
Porter-Cable supplies paper only down 
to 150 grit, saying there's no need to 
go any finer than that. While testing 
one of these tools with superfine (220- 
grit) paper, Porter-Cable product de- 
velopment manager Dennis Huntsman 
sanded some oak. “It got so smooth 
and polished that it wouldn't take a 
stain," he says. 

The Model 7334 Random Orbit Sand- 
er lists for $205, but with careful shop- 
ping you should find it at about $150. 
—A.J. H. 


lor more than three decades it has 

been known to veteran do-it-your- 

selfers as "The Shopsmith," even 
though its name is really Mark V (or 
in other incarnations Mark I, Mark 
VII, and 10ER). Now workshoppers 
will have to get used to a new Shop- 
smith, an innovative upstart called the 
Power Station. 

The Shopsmith Mark V is a versa- 
tile stand-alone woodworking system 
that can be configured as a table saw, 
drill press, lathe, disc sander, and hor- 
izontal boring machine. Intended for 
the serious woodworker, the Mark V 
can be accessorized to become more 
than a half dozen other woodworking 


tools as well. But it is large and ex- 
pensive, and in its basic form dupli- 
cates tools many home shops may have 
already. That’s where the Power Sta- 
tion comes in. 

“The Power Station was developed 
for woodworkers who may already own 
a radial-arm or table saw and are 
ready to add other tools to advance 
their capability,” says Shopsmith’s 
Perry Martin. 

The basic unit is a stand-mounted 
34-horsepower motor that runs at 
speeds from 850 to 3,850 rpm. It quick- 
ly adapts to drive a jointer, band saw, 
strip sander, scroll saw, wide belt sand- 
er, disc sander, and flexible-shaft carv- 
ing tool. It takes up only five square 
feet of floor space. The single power 
Source and accessory tool modules 
—identical to those the Mark V uses 
—give you the chance to add selective- 
ly to your workshop. 

“Our main goal in the two-year de- 
velopment of the Power Station was 
to offer a high-quality product that 
does the job of powering our tools at a 
reasonable price," John Folkerth, Shop- 
smith’s lanky chairman, told me. “In 
this way we could introduce Shop- 
smith tools to those workshop- 
pers who don’t own a Mark V 
already.” 

I tried the Power Station 
and all of the available ac- 
cessory tools, tearing 
them down in some 
cases to see how 
well they’re built. 


All the modules are sent nearly 
fully assembled. It took me about 15 
minutes to assemble the legs, braces, 
and belt guard of the Power Station 
table; the tools take less than five min- 
utes to assemble. Workmanship is ex- 
cellent, and all the tools are sturdy 
and nicely designed. The clamps and 
adjustments are convenient and easy 
to use; it took from one to three min- 
utes to change from tool to tool. 

I was impressed by the beefy cone- 
pulley variable-speed drive. Shopsmith 
uses heavy, sealed-lube bearings and 
husky V-belts on the drive. Here's a 
rundown of the modules. 

eThe 11-inch band saw has a sturdy 
frame and cast-iron table. Adjust- 
ments are easily accomplished, and 
with its variable speeds it is great for 
sawing metal too. 

eThe smooth-running one-inch-wide 
strip sander comes with three belt 
platens. The table tilts, and the sander 
adapts for internal sanding. 

eThe four-inch-capacity jointer is 

made of cast iron and has individu- 
ally adjustable blades and an effective 
chip chute. I found the variable-speed 
feature especially useful for planing 
plastics and exceptionally hard 
woods. 
*The six-inch-wide belt sand- 
er is also made of cast iron, 
and it features an automatic 
belt tensioner that works 
» flawlessly. 


g^ *With its 23%-by-15%-inch tilt- 


ing table, the scroll saw is ideal 


The Shopsmith Power Statior's base unit has a 
variable-speed motor to power five accessories 
(clockwise in photo below): scroll saw (in use), 
band saw, jointer, belt sander, and strip sander. 
(Plans supplied with the tool show how to make 
the compact storage unit.) The tool heads have 
shafts on their bases that slip into either long or 
short tubes on the sliding section of the Power 
Station's base. The eccentric shafts on the tool 
heads allow them to fit all Shopsmith bases ever 
made. A nylon coupling goes between the motor 
spindle and the drive shaft onthe tol. The 
station's red-handled lever locks the sliding 
base into place. 


PHIL McCAFFERTY 


for large work. The variable-speed fea- 
ture is useful for cutting plastic, met- 
al, and other non-wood material, and 
the parallel-arm scrolling mechanism 
powers the blade on both the up and 
down strokes. The tension knob clicks 
when the blade is properly taut, so 
there’s no guesswork. 

eThe 52-inch-long flexible-shaft tool 
allows you to carve, file, drill, rasp, 
and sand. It proved free-running, nev- 
er binding up, and the handgrip felt 
comfortable. 

eLast, the disc package includes 
two 12-inch steel discs and a table, 
disc chute, and batch of abrasive 
discs. I found the discs to be superbly 
balanced. 

What’s for the future? Why not of- 
fer all of the dozen or so Mark V ac- 
cessory tools for use on the Power Sta- 
tion? Some modules physically won't 
fit. Also, at % hp, the motor is not 
gutsy enough to operate the 12-inch 
thickness planer. And without the 
quill-type headstock of the Mark V, 
tools that need a feeding spindle won't 
work. 

Shopsmith is developing additional 
accessories for the Power Station, 
though the company is being tight- 
lipped about specifics. Some guesses? 
Perhaps a short-bed lathe, a six-to- 
eight-inch thickness planer, an air 
compressor and maybe even a bowl 
lathe and a grinder.—P M. 


already know the problem: Many 

glue joints—especially those in 
casework like bookshelves, cabinets, 
and chests—are a foot or more wide. 
But “most modern clamps are basi- 
cally point sources of force," as 
Thomas J. Moore III puts it. So to ex- 
ert even clamping pressure along the 
full length of these large joints, you 
have to use lots of clamps—lots of ex- 
pensive clamps with jaws deep enough 
to reach out near the middle of your 
workpiece. 

That's why Moore invented a new 
type of clamp. Basically it consists of 
a pair of threaded rod sets, four thread- 
ed drive nuts, and two long beamlike 
plastic jaws. The faces of these jaws 
are convex, machined to a 12-foot ra- 
dius. Slip one of these clamps over 
your work, align the jaws with the 
joint, and snug down the nuts. 

"Initially only the crowns of the jaws 
touch the work,” explains Moore. “As 
the drive nuts are tightened, the cy- 
lindrical faces flatten out until the 
clamping force is distributed all along 
the length of the jaws.” 

That's the theory. How does it work? 
Pretty well. The smooth plastic jaws 
won't mar your work, won't stick to 
any glue that oozes out of a joint, and 


[: you do much woodworking, you 
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The Supernova clamp provides even pressure all along a joint—even on large pieces like 


won't cause stains. The clamps have 
two sets of rods that are in three sec- 
tions—6, 12, and 18 inches—making 
possible adjustment for their lengths 
in six-inch increments from 6 to 36 
inches. Each rod set is joined by two 
coupling nuts, which help speed up 
large adjustments in their lengths. 
They also let you remove an extra rod 
when it isn’t needed, making the 
clamps less floppy. 

Moore sells the clamps in two ver- 
sions. The Supernova is force-rated at 
100 pounds and comes in 16-, 20-, and 
24-inch jaw sizes. The smaller NOVA- 
elite, with jaw sizes of 8, 12, 16, and 
20 inches, is for model making and 
has a jaw force of 30 psi. The jaw size 
should be four inches larger than the 
widest piece you want to clamp. Prices 
range from $22 to $60, depending on 
size.—A. J. Н. 


paraphrase the old adage about 
having your cake and eating it 


too, you can now have your own 
saw blade and a dado too. This thanks 
to the new Kity Dado assembly from 
Woodcraft Supply Co. 

Dado sets that offset the blade to 
make it cut a wider kerf have been 
around for some time, but these sets 
included the blade itself. Also, the 
blade diameter was small, so maxi- 
mum cutting width was limited, and 
cutting characteristics were dictated 
by the design of the particular blade. 

The Kity system allows you to use 


cabinets or bookshelves. The disassembled clamp (foreground) shows its curved jaws, /4-inch 
20-thread-per-inch threaded rods, and drive nuts. Multi-piece rods make length adjustments. 


any blade; the blade wobbles accord- 
ing to how the tapered washers are 
indexed. The more the thick side of 
one of the washers rotates toward the 
thick side of the other washer, the 
wider the kerf. With this system, not 
only do you save the cost of a blade, 
but you can select the blade that will 
perform best for the task: crosscut, rip, 
carbide-tipped, or ultra-fine tooth. And 
you can cut any width dado up to % 
inch. 

Although the $15 Kity set may not 
be the best choice for a steady diet of 
dado cutting, especially more than 1⁄2 
inch wide (which you can do in mul- 
tiple passes), it does work well for oc- 
casional use. I found that it provides 
smooth cuts when equipped with a 
fine-tooth Ыайе.—Р M. 


helicopter with the rotor turning, 

you know what it feels like to be 
around a big panel-raising bit running 
at 22,000 rpm in a %-їпсһ router. 
Those winged bits just weren't meant 
to run so fast, and when they do, they 
can fill your shop with a sense of im- 
minent danger. 

Byrom International Corp. came up 
with a solution: Redesign the bit by 
standing it on end. Instead of having 
two big wings and a diameter of 3¥2 
inches, Byrom Safety-Raisers are tall 
and skinny, just one inch in diameter. 
This reduces tip speed 3.6 times, and 

Continued on page 124 ] 


|: you’ve ever disembarked from a 
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Awobble-washer set allows your saw blade to cut infinitely variable dado kerf widths. It can be 
used оп radial-arm and table saws with 54-inch arbors. (A saw blade guard was removed for 
darity) Tapered washers create a variable “wedge” (drawing). The orientation of the washers 
allows the blade to wobble, varying kerf widths. Extremely fine adjustment is possible. 


Byrom Safety-Raiser panel bits have '-inch shafts and come in five 
profiles to cut raised panels like the two shown here. A titanium 
nitride coating gives the bit a gold color and a long edge life. 


The Freud Safety Dado is a blade-and-chipper design that makes 
dean, flat-bottomed cuts in all woods and will not climb when used in 
a radial-arm saw. The shoulder directly in front of each tooth (detail 

above right) limits chip size to prevent the blade from self-feeding. The 
outer blades use four top-bevel teeth followed by a raker Note the 
laser-cut expansion slot to reduce heat warping. 
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By TIMOTHY О. BAKKE 


ith Honda’s new 
shiftless-transmis- 
sion mowers, it’s 
what you don’t do 
that counts. 

Hop on the new 
riding lawn mower or tractor, and you 
won't find yourself using a clutch, 
changing gears, or even stabbing the 
brake pedal. All functions —moving 
forward, reversing, and stopping—are 
controlled with a single lever. 

Start up Honda's new self-propelled 
walk-behind mower, and you won't 
chase a lurching machine, wrestle 
with a balky speed selector, or try to 
keep pace with preset speed ranges. 
One lever glides the mower through 
infinitely variable speeds from a stand- 
still through maximum output. 

The key to these easy-to-use ma- 
chines is a new super-efficient hydro- 
static transmission called the HST. 
Until now, hydrostatic, or automatic, 
transmissions were bulky, inefficient 
components that delivered about half 
the horsepower that went into them 
as motive force. And because of their 
large size, you would find them only 
on big lawn or garden tractors. 

Honda's new HST represents the 
first use of hydrostatic technology in 
a riding mower and, even more aston- 
ishing, in a walk-behind lawn mower. 
For the latter, Honda slightly altered 
the design of the rider HST and shrunk 
it to about the size of a grapefruit. 
What's so special about hydrostatic 
transmissions? What do they mean to 
you? How did Honda engineers design 
such efficient, compact units? And why 
bother with such a transmission in a 
push mower in the first place? 


Oil, not gears 


"A hydrostatic transmission," said 
Bob Young, manager of power equip- 
ment engineering at Honda, “їз sim- 
ply a system that uses oil under static 
pressure to transmit power." 

Young gave me these guidelines to 
envision how a hydrostatic transmis- 
sion works: Think of the oil flow rate 
as the speed of the mower, the direc- 
tion of that flow as the direction the 
machine is moving, and the pressure 
of the oil at any given time as control- 
ling torque. 

Conventional hydrostatic transmis- 
sions clearly make tractors easier to 
operate because you don't have to use 
aclutch or change gears. But they also 
have some drawbacks. Besides size, 
Honda made improvements in three 
areas: efficiency, speed-control design, 
and gasket-seal leakage. 
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SHIFTLESS 


SHIFTERS 


A smooth-operating hydrostatic transmission almost as small 
as your fist? It’s just one version of Honda’s new line of so- 
phisticated transmissions for outdoor power equipment. 


“We've increased efficiency—from 
about fifty-two percent in conventional 
hydrostatics to seventy-eight in ours,” 
said Young. That means the horse- 
power that was previously wasted can 
now go to powering the mower blades. 
(Manual transmissions are about 90 
percent efficient.) 

“Also, because of the careful design 
of the pump control-yoke mechanism 
[see drawing], there is no unwanted 
creep in the neutral position,” Young 
continued. With other hydrostatics you 
have to set the parking brake when you 
shift to neutral; otherwise, the machine 
moves. Not so with the Honda unit. 

In fact, in test rides on HST-equipped 
riders, I found that I never had to use 
the brake pedal in normal operations. 
I brought the machine to a complete 
stop, going uphill or down, for instance, 
just using the shift lever. The brake is 
there only for emergency stops. 

“Last, ours is an integrated design,” 
Young told me. “The Honda-made 
transaxle assembly and hydraulic mo- 
tor pump are housed in one unit.” With 
other power equipment, the hydrostatic 
unit may come from one company and 
the differential from another. Because 
the hydrostatic unit is external to the 
differential housing, high-pressure 
shaft seals are required, which may 
leak over time. The few seals on the 
Honda unit are located at low-pressure 
areas that will not be prone to leak- 
age because the HST is located inside 
the differential housing. 

Honda’s experience in miniaturizing 
components for motorcycles was bene- 
ficial in designing the new transmis- 
sion—and shrinking it for walk-behind 
lawn mowers. The walk-behind trans- 
mission works similarly to the riding 
mower unit, but is small and light 
enough to fit within the mower deck. 

I was skeptical of the practicality of 


having a hydro in a lawn mower. But 
when I used it, I found I could main- 
tain a high engine speed for cutting 
power, yet feather the transmission 
through any ground speed with the 
flick of a lever. I never had to compro- 
mise with too-fast or too-slow speed 
ranges as in other mowers. 

But why design such $& 
a lawn mower? “Ease йө == 
of use and operator TS 
safety were foremost 
in our minds" Young told me, 
“апа we had the expertise to produce 
the transmission at little added cost." 

Enter the drawback with these sys- 
tems: price. The hydrostatic lawn mow- 
er costs $740, though that's only $60 
more than Honda's conventional self- 
propelled model. The riding-mower 
transmission carries a $250 premium, 
bringing the price of the 11-hp HST 
model to $2,350 and the 13-hp model 
to $2,600. The 14-hp lawn tractor with 
HST is $3,056. Those willing to part 
with the cash, however, will have an 
easy-to-use piece of equipment. OG) 


INNER WORKINGS 
OF THE HST 


The flow diagrams show the path of oil for for- 
ward and reverse directions. The oil-pressure 
pump is powered by the drive shaft. The pump. 
cylinder contains seven pistons. As the cylin- 
der spins, the spring-loaded pistons ride on 
the pump swash plate (which is angled by the 
control yoke) and alternately reciprocate, mov- 
ing axially in the cylinder. Forced by piston 
motion, the fluid flows through ports and pas- 
sages in the distributor plate to the oil-pressure 
motor. Oil turns the motor by forcing the pis- 
tons against the 18-degree inclined plane 
of the swash plate, then returns to the oil- 
pressure pump. The charging pump provides 


OIL RESERVOIR 


OIL PRESSURE PUMP 
OIL PRESSURE MOTOR 


DISTRIBUTOR PLATE 
ЕВЕ, ВЗ PUMP SWASH PLATE bodies two firsts, daims 
Honda: It is the first mid- 
engine rider and the first 
rider to use a hydrostatic 
transmission. 


ELONGATED PISTON. 


PISTON IN 
COMPRESSION 


The casing of the transmission shown in the cutaway above is 
about the size of a football. The unit is used in riding mowers and 
lawn tractors. Power from the engine is transferred to the wheels 
by hydraulic fluid flow generated by the oil-pressure pump, an 
axial-piston design (the pistons are shown in yellow). Oil from the 
pump turns the oil-pressure motor, which in turn powers the axle. 


make-up oil to offset any internal leakage. 
The position of the speed-selector lever (not 
shown) determines the angle of the pump's _urrer-rosirion Piston UPPER-POSITION PISTON 
control yoke. In forward, the control yoke ad- — O't-PRESsusE te) d кши, 
justs the pump swash plate to compress the . "NTec 2E 
piston in the uppermost position. The more m _% 
the piston moves, the faster the hydraulic fluid Е 
moves. The speed of the fluid flow determines , ў 
the rotational speed of the oil-pressure motor, ~ AN = 
which in turn drives the differential and deter- prive suart 
mines ground speed. The faster the hydraulic 
fluid circulates, the faster the machine travels, МАН PLATE K ) 
When the speed lever is moved to reverse, -— à | 
the control yoke tilts to the reverse side and — * 
the lower piston becomes the discharge piston. f; 
In neutral the pump swash plate is vertical. E 
There is no piston movement as the cylinder 
spins, therefore no oil flow.—T. O. B. 
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OIL PAN 
OUTPUT SHAFT ‘OUTPUT SHAFT 
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The sharpest, the strongest, the most dependable 
tool in the world is know-how. And know-how (the 
tool to do it right) is exactly what you get from 
Popular Science Book Club®. 

In fact, with a little effort on your part and the 
tools and techniques the Club brings right to your 
door, there's virtually no project you couldn't handle 
around the house. And that includes building your 
own house! 

Here's what you can look forward to as a 
Member of Popular Science Book Club: 

* Know-how that's backed by 25 years experience 
as America's oldest and largest do-it-yourself club 

* Club prices— 25% off publisher's prices 

* Special discounts of as much as 50% off 

* Shop at home convenience 

Take a look now at some of the handy titles you'll 
want within reach and pick any 3 for just $3.95 
(plus shipping and handling with membership). 


ORDER TODAY! Mail coupon to: Popular Science Book Club® 
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Reinventing 
the house 


The participants: engineers, designers, and product-development specialists. The assignment: 
consider all the functions a house performs, then use today’s (and tomorrow’s) materials and 
technologies to integrate and rationalize them—and do more with less. 


By V. ELAINE GILMORE 


PrrrsfieLp, Mass. 

striking new house 

juts from the top of a knoll 

in this western Massachu- 

setts town, a three-story 

post-modern mini-man- 

sion fit for some afflu- 

ent family. But a chain- 

link fence surrounds 

the site, and as you enter the curving 

driveway, the view to your left is of a 
sprawling industrial plant. 

No one lives in the house and prob- 
ably no one ever will, but not because 
of the neighborhood. The house was 
built by GE Plastics as the showcase 
of a $10-million—so far—program to 
find new markets for its products. The 
project was launched in the summer 
of 1988. The PoPULAR SCIENCE cover 
story that August detailed what was 
on the drawing boards then. 

Now the house is built, and it.is 
both more and less than that snap- 
shot could foresee. Less, because the 
actual structure is conventional. All 
told, though, the house contains 
45,000 pounds of plastic—including 
several products that are newly avail- 
able or should be on the market short- 
ly. (GE touts the program as part of 
the solution to the plastic-garbage 
problem—see box, From Bottles, to 
Bumpers, to Buildings?) 

But exhibited in the house are con- 
cepts and mock-ups that are more ad- 
vanced than anything conceived in the 
early stages of research and develop- 
ment. While a house today is a com- 
plex amalgam of components and sys- 
tems, patched one on another as techno- 
logy has evolved, these displays suggest 
what might result if we were to start 
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from scratch and reinvent the house. 

If the concepts showcased here are 
ever adopted, they could lead to bet- 
ter houses that cost less. "We've often 
grossly overbuilt in the past because 
the house was engineered in pieces, 
if at all, rather than as a total prod- 
uct,” says David C. Smith, chairman 
of the board of the National Research 
Center of the National Association of 
Homebuilders. The premise of this 
project is to consider all the functions 
a house must serve and engineer it 
as an entity to eliminate redundan- 
cies and make most components do 
several jobs. Also, the components 
envisioned would be factory-produced, 
which should net substantial savings. 
The goal of the project is a 30-percent 
saving on the cost of a house, consid- 
ering both original cost and long-term 
maintenance. 


Fifty partners, mostly companies al- 
ready supplying the construction in- 
dustry, joined GE in the research and 
development effort. “A lot of the ideas 
you see in the house are not ours, but 
theirs,” said Mark Tilley, who man- 
ages the Building and Construction 
Division of GE Plastics. 

As we stood shivering on the snowy, 
wind-raked lawn, Tilley explained that 
most of the skin of the house is plas- 
tic. But even up close, it doesn’t look 
different from other houses. 


е roof is capped with two kinds 
of plastic shingles. They look like 
cedar shakes weathered to a pleas- 

ant gray. One advantage the plastic 
shingles claim over shakes is instal- 
lation ease: They’re lighter in weight, 
they’re made in larger panels, and 
they need no underlayment. Another 


Appliance housings and cabinets match in depth and style to give a uniform appearance. 


The demonstration house is skinned with several new materials: a vinyl siding that resists hazing, plastic roofing that mimics cedar shakes, and foam 
cladding sprayed to look like stucco. 


Ced 
A trap door in the kitchen floor covers a bulk- The central computer can be operated from the Ап electric boot dryer has articulated hoses to 
storage area built between floor joists. touch-screen monitor or by voice. snug down inside soggy shoes. 
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HUMIDIFIER 


BLANK (FOR 
FUTURE 
APPLIANCE) 


AIR FILTER 


BLOWER 


The Total Environmental Control system is a modular approach to space 
and water heating, cooling, and air-quality and humidity control. 


advantage is fire resistance. Those on 
the back of the house, made by Nailite 
International in Miami, Fla. (and ex- 
pected to be on the market this year, 
in California first), have qualified for 
a class C fire rating. That means they 
can satisfy most building codes for res- 
idential use. (Cedar shakes can qual- 
ify if treated with a fire retardant, ac- 
cording to Underwriters Laboratory.) 

The shingles on the front of the 
house, under development by Mason- 
ite Corp., combine a plastic resin with 
a fiberglass matrix. The goal: a class 
A fire rating, the highest available. 
These should be on the market within 
two years. 

The vinyl siding on the house, de- 
veloped with Mastic Corp. and avail- 
able in many colors and profiles, is a 
coextrusion: The usual PVC (polyvi- 
nyl chloride) is topped with a high-per- 
formance resin that provides better 
weatherability. PVC oxidizes and deve- 
lops a white haze on the surface, which 
is especially apparent in dark colors. 

Even the sections of the skin that 
look like stucco are plastic. They're 
made of a new GE foam called Gecet, 
introduced last year. It is covered with 
a sprayed-on acrylic-modified cement 
to cover the seams. Aggregate in the 
cement gives the look of stucco. 
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VACUUM-PANEL INSULATION 


AIR CONDITIONER: 


FIBERGLASS 
FOAM BACKING 


COMPOSITE 
д STRUCTURAL CORRUGATION 


Composite panels for load-bearing walls could be made in regional 
factories and assembled into walls up to 40 feet long. 


“Gecet is a very-high-density foam 
compared to polystyrene, which means 
your kid could ride his bicycle into it 
and it wouldn't crush,” Tilley stated 
as he whacked the house with the side 
of his fist. 

John Leidel, manager of engineer- 
ing foam polymers at GE Plastics, 


polystyrene [EPS], the common plas- 
tic foam of coffee cups, modified with 
polyphenylene oxide [PPO]. The lat- 
ter allows us to produce foam over a 
wider range of densities,” he said. The 
cladding panels are bead-molded: 
Beads of EPS are blown into a mold, 
then steam is injected to make them 


later added details. “Gecet is expanded soften and fuse. Pentane, a blowing 


If we build houses using more plastics, will they be more combustible? Will more lives be 
lost because the houses burn faster and produce denser, more-toxic smoke? 

1 asked those questions of experts from testing labs, the building industry, building-code 
bodies, and the insurance industry. The informed responses to all of them generally boil 
down to this: not necessarily. “1 certainly haven't seen that increasing the plastic in a 
building is tantamount to increasing the hazard," says Tom Frost, manager of evaluation 
services for the Building Officials and Code Administrators International. 

The key reason most experts don't look askance—generically—at the prospect of more 
plastics in houses is that there is no such thing as generic plastic. "There are many plastics, 
and they exhibit quite an array of performance characteristics in fire measurements," ex- 
plains Jim Quintiere, chief of the Fire Science and Engineering Division of the National 
Institute of Standards and Technology. “Wood materials, with some exceptions, tend to fall 
within a smaller bracket." The result is that some plastics perform better than wood on the 
various fire measurements and some perform worse. 

Probably the greatest concern of consumers is that the smoke from burning plastic is 
more toxic than that from wood or other conventional materials. “Smoke in general, regard- 
less of its source, is capable of causing death," says William Metes, managing engineer of 
the Fire Protection Department of Underwriters Laboratory. “Carbon monoxide and carbon 
dioxide are products of all combustion, and both are lethal gases." Quintiere agrees. 

GE Plastics says simply, “We will comply with building codes." What would that entail? 
“The codes are performance-oriented," says Frost. “То use a new material in single-family 
houses, you must demonstrate, through small-scale and full-scale tests, that the fire-hazard 
characteristics are at least comparable to [standard] wood-frame construction."—V. E. G. 


THIS IS ALL 


A BURGLAR NEEDS 


TO GET TO 


YQUR VALUABLES 


Do you know what shocks most 
burglary victims? How easy it 
was for the intruder to 
break in. Most burglars 
use something as simple 
as a crowbar. They're in 
and out in minutes. And 
they’re usually undetected by 
neighbors or passers by. 


Now Espion has made 
protecting your home 
and valuables just as 
easy, thanks to the 
Homewatch 2000. 


THIS IS ALL 
YOU NEED 
TO STOP HIM. 


To receive information about one of the easiest and most effective 
home security systems available—and to learn about the unit’s wired 
or wireless expansion accessories—complete and mail this coupon. 
Or, to receive your own Espion Homewatch 2000, call our toll-free 
number below. 


Name: 


| 
Phone ( 


Tip: 


1-800-548-7313 


Mon.-Fri., 8am-8pm EST 
Each Espion Homewatch 2000 is $299.99 plus shipping and handling. 
MA residents subject to sales tax; VISA/MasterCard accepted. 

Call now to order. aa 


esrien 


PS-190 


137 California Street, Newton, MA02158. 617-527-7700 


Unlike most security systems, 
which are difficult to install and 
use, the Homewatch 2000 is 
ready to go in minutes. You 
don’t have to cover every possi- 
ble point of entry, because the 
unit uses two sensors—motion 
and heat—to guard the space 
within your home. And it’s all 
housed in a compact unit that 
plu sinto a standard outlet. 

o further wiring is necessary. 


This kind of technology is usually 
found only in expensive commer- 
cial systems. But the Homewatch 
2000 is as easy to afford as it is to 
install and use. We even provide 
a videocassette, “‘Homewatch 
and Home Security,’ with each 
unit to help you maximize your 
home security plan. 


So clip the coupon—or call 
our toll-free number to get 
more information about the 
Homewatch 2000. It’s one of 
the simplest steps you'll ever 
take to make your home a 
tough target for burglars. 


2%. 
ЕЅРІОП 
“22 


“Take Advantage Of 
Our Money Back Offer” 
Order our full color plan book, and if you 
are not convinced that it is the best quality 


pre-cut cedar home available in America, 
we will gladly refund your $8.00. 


Call today and make your dream a reality. 


1-800-767-7674 


1 Please send me your ree brochure. 
Enclosed is $8.00. Please send me your full color planbook with 


45 designs. 
C1 Enclosed is $15 ($10 refundable) for your introductory VHS video. 
MCNISA accepted. 
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РО. Box 886, Dept. J 
Woodinville, WA 98072 
DEALERSHIP INQUIRIES WELCOME 


Practice wheel & rim safety, 
and we'll give you this solid 
bronze belt buckle. 


Avoid needless accidents! Ask 
for the wheel & rim safety train- 
ing kit provided jointly by The 
Goodyear Tire & Rubber Com- 
pany and Motor Wheel Corpora- 
tion. Post the charts in your 
garage. Train your service people 
in proper procedures. And we'll 
send you а free Think Safety belt 
buckle. 

Write Wheel/Rim Safety Dept.. 
1116 N. Washington, Lansing, 
MI 48906-4841. 


A safety education program 
sponsored jointly by 


GOOD/ YEAR 
and 
MOTOREWHEEL 
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т 
WAFFLE SUBFLOOR » 


The plumbing hookups are molded plastic cassettes. The waffle-style subfloor provides paths for 
flexible plastic pipes. Steel brackets that fit channels in the foam backing hold a cantilevered vanity. 


agent in the beads, expands to puff 
them. The PPO raises the tempera- 
ture at which the beads soften, which 
makes the expansion—and thus the 
density of the final product—more 
controllable, Leidel explained. 

“If you mold the Gecet at two- 
pounds-per-cubic-foot density, it will 
be as weak and flimsy as your coffee 
cup,” he said. “But if you mold it at 
ten pounds per cubic foot, it will have 
the mechanical properties of white- 
pine lumber.” The cladding panels on 
the house are molded at a density of 
eight pounds per cubic foot. 

Chunky lamp stands outside are 
cast of the Gecet foam, as is a hand- 
some table in the house. And tiles on 
an upstairs deck are made of the foam 
too. These are anchored to the deck 
with Velcro fasteners. 


is airy and elegant. Wood is more 

in evidence than plastic. “We want 
to exploit the benefits of plastic and 
at the same time work in harmony 
with traditional materials,” Tilley 
noted. 

Because the demonstration house is 
a house of the future, it is computer- 
controlled—by voice—and the com- 
puter responds in kind. 


[::: the 3,000-square-foot house 


“Hello, darling,” barked Tilley from 
the center of the living room. (“They 
asked me to choose a command 
phrase,” he explained, “and that’s the 
first thing that came to mind.”) 

There was a brief pause, then a 
businesslike female voice replied, 
“Good afternoon.” 

“Security report?” queried Tilley. 

“The security system is now dis- 
armed,” came the reply. 

“Privacy mode,” Tilley commanded. 
The living room blind lowered. 

“Evening party.” Accent lights 
blinked on and up came the music. 

The computer, made by Command 
Systems and currently on the market, 
also can be controlled from a touch- 
screen monitor in the kitchen. 

The kitchen is a virtual adult Dis- 
neyland of useful concepts. 

* A small ultrasonic sink, under de- 
velopment in Japan, cleans a few 
dishes at a time, using little water. 

* An optical scanner could identify 
plastics by type for recycling if bar 
codes were amended to include such 
information. 

* Plastic cabinets have adjustable 
frames with snap-together fittings. 
Doors and drawers, which come in 
many sizes, snap onto the frames. 

* А food-holding area can keep 


foods warm or cool. Water-filled pipes 
running under the counter top circu- 
late your choice of warm or cold water. 

* A sloping channel at the back of 
the island receives the scraps as you 
prepare food. When the job’s done you 
grab a sprayer hose and wash the 
scraps down the drain and through 
the disposal. 

* Counter tops around the island 
are height-adjustable to accommodate 
different people and different tasks. 


pstairs, the master bedroom and 
bath wow the visitor with more 


examples of technology to come. 
A huge bay window features liquid- 
crystal glazing made by the Taliq 
Corp. [Amazing Glazing,” Aug. '88], 
a prototype product project leaders 
learned of through POPULAR SCIENCE. 
Unpowered, the window is white, but 
when you apply a voltage, the liquid 
crystals realign to transmit light, its 
normal, transparent state. "This is 
probably the one thing in the house 
that makes the most jaws drop," Tilley 
declared as he flipped off the switch 
and the window turned white. 

Nearby is a spa blow-molded of a 
plastic that is soft to the touch. “We're 
trying to see if bathtubs can be pro- 
duced in a more cost-effective man- 
ner than using FRP [fiberglass-rein- 
forced plastic],” Tilley noted. FRP 
must be laid up in a mold by hand, 
coat after coat. 

But it is on the third floor, where 
you see the mock-ups of systems and 
the cutaway panels, that you begin to 
realize the true possibilities of a re- 
invented house. Most of these are what 
GE characterizes as long-range pro- 
jects—five years or more away from 
reality. 

Tilley first showed me to a room 
where a wall section is cut away to 
reveal plastic 2x4s. “You can make 
plastic studs that are as strong or 
stronger than a wood two-by-four,” he 
remarked, “but from the standpoint 
of cost, it doesn’t make sense. The 
truth is, if you really want to take ad- 
vantage of plastics, you have to inte- 
grate functions and get more out of 
the material. That often leads you to 
start with a clean sheet of paper.” 

In an adjacent room is a dramatic 
example, a cutaway display of a radi- 
cally different exterior wall. Here, the 
structural component is a corrugated 
panel, an experimental technology 
Weyerhaeuser is developing. It com- 
bines wood fibers with plastic resins. 

Outboard of the structural corruga- 
tion is the primary insulation: vacuum 
panels. They look like white ceramic 
tiles, but they offer amazing insula- 
tion without much bulk: about R-25 
per inch (compared with about an R-3 


for fiberglass). GE’s major appliance 
division is researching vacuum-panel 
insulation for possible use in future 
refrigerators. 

Inboard of the corrugated structure 
is a layer of pink foam, another use 
for GE’s new Gecet. It adds insulation 
and solidity to the wall. 

The interior surface is fiberglass, for 
fire-resistance. “We're looking at dif- 
ferent ways to weld the panels to- 
gether at the seams,” Tilley explained, 
“to eliminate the taping and spack- 


ling you must do with drywall. Finish- 
ing off a house is one of the most 
expensive steps.” The fiberglass sheet 
here is simply primed and painted. 

Such a wall would be a nightmare 
to open up for plumbing or electrical 
repairs. “You try to divorce such things 
from the structural walls,” Tilley 
countered, leading me to a series of 
bathroom cutaways. “Where the util- 
ities have to travel from floor to floor 
you centralize the runs and provide 
access points.” 


“Whenever I take off 
with Formby’, I end 
with a great finish: 


u 
D 


li on 20 years of paint п 
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ing 


Bob Bergin’ vision told him that beneath 
the layers of paint was a beautiful oak chest. 
He revealed it with the help of Formby's Paint 
Remover and Paint Remover Wash. 

“Taking off the paint was 
easy with Formbys. And after 1, 
used the Paint Remover Wash, 
the wood was so clean and 
smooth I didn't have to sand. 

Then I chose one of Formby's 
Wiping Stains. They're thick, not runny, so 
the stain goes on evenly and it easy to 
ае o 
% ini: Is protected an 
фе ani rubbed finish es he oak natural 
ine through. Formby’s helped me turn а 
cum treasure into an iy. Ponty 
t's to get great results with Formby's 
produce got everything for wood care 
projects from start to finish, 
even experts to pe youthe Жж 
benefit of our three gen- 
erations of experience; 
call 1-800-FORMBYS, 
or write to Formbys 
Workshop, Olive 
Branch, MS 38654. 
With Formby’, doing 
it yourself doesn't 
mean doing it alone. 
© 1990Thompson & Formby Ine 
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ALL TRANSACTIONS STRICTLY CONFIDENTIAL 
Purchaser becomes owner of goods received. 


All metals to be melted down and considered 
scrap. Record of transaction to be enclosed. Four Models To Choose From 


Print in block letters & include in your parcel, your BUY DIRECT 
name and full mailing address. 1 (800)553-021 9 
‘Send to: Fax: (416) 727-7579 
(inUSA) (In Canada) Е 
44-раде catalog or use 
Eus h АМЕ Бы ^ ‘ii yourMasterCardorVISA Ё 
269 Porlage Road 301 Sheppard Ave. W. to order our 50-minute 
rin bini demonstration video-S10.00 ГТ, 
Wood-Mizer Products, Inc. € Dept E48 


Lewiston, New York Willowdale, Ontario 


ELECTRICAL OUTLET 


SHELVES FOR WIRING MM 
All wiring (electrical, telephone, coaxial cable, 
low-voltage) runs in a raceway that doubles as 
the baseboard. Outlets tap each line, as needed. 


14092 U.S.A. M2N 1N4 Салаба 8180 W. 10th St., Indianapolis, IN 46214-2430. 


For the horizontal plumbing runs, 
the bathroom exhibits show a waffle- 
style subfloor, again made of Gecet. 
Flexible polybutylene pipes lie neatly 
in the channels. At all plumbing fix- 
tures, plastic “cassettes” pop into the 
walls. These have molded cavities to 
route the water and waste as needed, 
which eliminates bending and sweat- 
ing pipes. Quick-connect fittings at- 
tach the cassettes to the pipes. Fix- 
tures plug into holes in the cassettes 
—and are easily changed if you change 


iu (АЈ ] color schemes. 
| rts car today. Sinks, tubs, and toilets are of blow- 
| Why build your own ^ Classic your own two-seat a molded, foam-filled plasti 1 
| k -i plastic. One toilet 
Roadster? Because it’s a fun and Now with V-8 power! contains a pulverizer (Tilley calls it 
rewarding project. Thousands of “Whether you're looking for a factory the advanced loo), which would per- 
people, just like you, have built and built roadster or want mit much smaller waste lines. 


are now driving their 
own Classic Roadster. 
Our kits are engineered 
for easy assembly and 


> с n a mock-up of a panelized floor con- 
a first-class kit, Classic cept, the Weyerhaeuser corrugated 
Roadsters is the way panels are used back to back, form- 
to go.” ing plenums that could be used to 


to build your own from | | 


years of durability. — The Editors, circulate air from a furnace or air 
nd, our quality is " conditioner. 

e en ty Kit Car World | “Then,” said Tilley, “you could di- 

guaran " Also available: Jaguar, MG and rect warm air up through channels in 

Experience the thrill of 4-passenger Mercedes. the walls and have radiant heat with- 

assembling and driving reproductions. out running electrical cables or tubes 


for hot water" The mock-up of that 
concept uses a metalized surface on 
the inside of the wall to direct the heat 
outward. Studies by Steven B. Win- 
ter, the building systems consultants, 
show that about 25 percent of the 
walls (interior only) would have to be 
heated. 

ional Export (701) 293-8866 _ There are many more concepts on 
ТТТ ттт ттт | display in these third-story rooms: 

I * A panelized plastic roofing system 


T Yes! Please send me the following 


| с Easy-To-Assemble Kit C Custom Built Ц а $ 

А) O FREE Color Brochure Phone (ёа) С) + | that would be made in factories and 
B) O ($5.00) 16 pg. radians plus 24 pgs. of (ee) ( ) 3 1 | simply dropped over roof trusses at 
ори, component & je d А ————————— ! | the building site. Gutters, skylights, 
19 A А, Каана ш. | | even electricity-generating photovol- 
| D) (2.00) геа Opportunities Report. " 1 | taic solar cells could be integral com- 
E ШШ о, its p | | ponents. Carlisle Syntech Systems in 

Classic Roadsters, Ltd. (c, Ea. 2 0. 18 

|| 1617 Main Ave., Fargo, ND 58103 Cowon mast be complete to process. | 


L a a гри ааа 
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5 sure steps to a fast start 
as d high-paid 
computer service technician 


4 п Choose trainin 


that's right for 

Jobs for computer service technicians 
will almost double in the next 10 years, 
according to the latest Department of 
Labor projections. For you, that means 
unlimited opportunities for advance- 
ment, a new career, or even a com- 
puter service business of your own. 1990 

But to succeed in computer service today, you need training— 
complete, practical training that gives you the confidence to service any 
brand of computer. You need NRI training. 

Only NRI—the leader in career-building, at-home electronics training 
for more than 75 years—gives you practical knowledge, hands-on skill, 
and real-world experience with a powerful AT-compatible computer you 
keep. Only NRI starts you with the basics, then builds your knowledge 
step by step until you have everything you need for a fast start as a 

r high-paid computer service technician. 


2. Go beyond 
“book learning” 
to get true hands- 
on expenence 
NRI knows you learn better by 
doing. So NRI training works 
overtime to give you that 
invaluable practical experience. 
You first read about the subject, 
studying diagrams, schematics, and photos that make the subject even 
clearer. Then you do. You build, examine, remove, test, repair, replace. 


You discover for yourself the feel of the real thing, the confidence gained 
only with experience. 


3. Get inside | 
a powerful com- | 
If you really want to get ahead | 
in computer service, you have 

to get inside a state-of-the-art E 
computer system. That's 
why NRI includes the 

powerful new West Coast 
1010 ES computer as the 
centerpiece of your IAE 
hands-on training. 

As you build this 
fully IBM AT-com- 
patible micro from 
the keyboard up, 
performing key tests 
and demonstrations at each stage of assembly, you actually see for 
yourself how every section of your computer works. 

You assemble and test your computer's 101-key "intelligent" 
keyboard, install the power supply and 1.2 meg 5⁄4” floppy disk drive, 
then interface the high-resolution monitor. But that's not all. 

You go on to install a powerful 20 megabyte hard disk 
drive—today's most-wanted computer peripheral—included in your 
training to dramatically increase the data storage capacity of your 


CORRERE] 


computer while gi ou lightning-quick data access. 


By getting inside this powerful computer, you 
get the confidence-building, real-world experience 
you need to work with, troubleshoot, and service 

ised computer systems. 


4. Make sure you’ve always got 
someone to turn to for help 


Throughout your NRI 
training, you've got the 
full support of your 
personal NRI instructor 
and the entire NRI 
technical staff. Always 
ready to answer your 
questions and help you if 
you should hit a snag, 
your instructors will 
make you feel as if 
you're in a classroom of 
one, giving you as much time and personal attention as you need. 


5 п Step into a bright new future in 
computer service—start by sending for 
your FREE catalog today! 


Discover for yourself how easy NRI makes it to suc- 
ceed in computer service. Send today for NRI's big, a 


100-page, full-color catalog describing every 
aspect of NRI's one-of-a-kind computer training, 
as well as training in robotics, TV/video/audio 
servicing, electronic music technology, security 
electronics, and other growing high-tech 
career fields. 
If the coupon is missing, write to: NRI 
School of Electronics, McGraw-Hill Continuing i 
Education Center, 4401 Connecticut Avenue, NW, Washington, DC 20008. 
AT & IBM are registered trademarks of International Business Machines Corp. 


Г School of For career courses 
| MFA de П approved under GI Bill] | 
| McGraw-Hill Continuing Education Center Bere | 
4401 Connecticut Avenue, NW, Washington, DC 20008 
О CHECK ONE CATALOG ONLY O Security Electronics | 
| О Computers and Microprocessors [ Electronic Music Technology l 
| О Robotics О Digital Electronics Servicing | 
О TV/Video/Audio Servicing O Computer Programming 
| О Telecommunications О Basic Electronics | 
1 Кате l 
| Address | 
| су State Zip 


L Accredited Member, National Home Study Council 1 22020] 


Carlisle, Pa., developed this prototype. 

* Foam- and honeycomb-filled (for 
solidity) interior doors with extruded 
frames that provide channels for wir- 
ing under a pop-off cover. Thus the 
wiring, running in the baseboard race- 
way (see photo previous page), could 
bridge doorways easily. 

e A window, designed as a cassette, 
would drop into a manufactured wall 
panel. The glass lowers into the wall, 
car-window-style, to give more open 


space. 


In the basement of the demonstra- 
tion house, I saw a mock-up of the To- 
tal Environmental Control system, a 
joint research project by GE Plastics 
and Carrier Corp. The aim: to de- 
velop a modular system that would 
provide space heating and cooling, 
hot water, humidity control, and air 
filtration, plus waste-heat recovery 
and ventilation. 

The homeowner might start with 
only space heat and hot water (pro- 
vided by a single gas or electric boiler), 


The liquid-crystal window located in the master bedroom is normally transparent (lefi), but flick a 


switch and the window turns white (right). 


ta ` 
Akitchen bar-code reader (а prototype) could 
separate plastics into various types 
recycling if codes were amended. 


that would sort the plastics by type. 


FROM agi: TO BUMPERS, TO BUILDINGS? 


In 1988, when GE Plastics announced this 
push into the construction market, company 
executives spoke of the program as an im- 
portant link in a recycling chain being forged. 
One scenario: A resin might start as reusa- 
ble containers, be recycled into car bump- 
ers, then wind up in building materials. 
"Everything in the demonstration house 
could be made of recycled materials," ac- 
cording to Eugen Geyer, manager of GE Plas- 
tics’ resource-recovery program. But the plas- 
tic recycling industry is in an infant stage, 
and only two things in the house actually 
contain recycled plastic: The terrazzolike 
basement floor uses ground-up computer 
housings instead of marble chips. And foam 
cores in some prototype wall panels are made 
from used packaging. Another nod to recycl- 
ing in the house is the bar-code reader (photo) 


On the other hand, the siding developed here would make recycling more difficult: It is 
made of two types of plastic (see text) while conventional vinyl siding is made of one. 
"That complicates things," admits Geyer. “It means we have to strip them apart or 
recompound them as is." 

GE Plastics' broader efforts to implement recycling include establishing a headquarters 
for the operation in Parkersburg, W. Va., and signing agreements to buy used plastic auto 
bumpers, pizza-dough trays, and telephone housings. 

The high-performance resins GE makes are not cheap, and even with the cost of collecting 
and reprocessing, they can be sold at a profit, Geyer says. Add the favorable economics to 
the environmental pressure and the situation looks promising that these plastics one day 
will be recycled on a significant scale. And building materials could increase the market 
for recycled resins. Recycling is one approach to reducing plastic garbage, but 
environmentalists tend to favor another: Produce less plastic in the first place.—V.E.G. 
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then add other components as need 
and budget dictated. The appliances 
slide in and out of drawers mounted 
on a central pod and automatically 
connect to the home's power supply 
and central computer. Carrier de- 
scribes the status of the project as “in 
the early research and development 
stage." If commercialization comes, it 
would be at least four years hence. 

In a far end of the basement, there 
are scale models of two factories, GE's 
visualization of how some of these con- 
cepts might be turned into products. 
One would assemble components into 
multi-functional building panels up to 
40 feet long. The second would add 
windows and doors and do any cus- 
tomizing required. 


ill anyone ever build such fac- 

tories? Will anyone build 

houses using—or even inspired 
by—the concepts shown in this one? 
Historically, concept houses have had 
a way of fading from view without: 
leaving much of a trace. 

“А lot of things here will require 
whole new steps in process develop- 
ment," Tilley readily admitted. 
Though the construction industry has 
a fierce reputation for conservatism, 
Tilley reports seeing a surprising 
openness to these ideas. But he cites 
the complexity of building codes and 
the fact that so many different codes 
must be satisfied as a stumbling block 
to moving any new technology into the 
real world. 

Lew Wise, president of NVR Build- 
ing Products Co. in Darlington, Pa., 
which manufactured the wall panels 
and trusses that form the structure 
of the house, mentions the fragmen- 
tation of the housing industry as an- 
other impediment. “You don't have a 
General Motors or a Ford Motor Com- 
pany that sets the pace in terms of 
what new materials get used. The 
largest builder in the United States 
probably has less than five percent of 
the market.” 

David Smith, like most experts, 
questions the economics. “GE cannot 
give us cost data now, and I under- 
stand why,” he states. “That’s true of 
any innovative technology until you 
go into production and see the size of 
your market.” 

For now at least, Smith is upbeat. 
“The more you can cut the labor and 
installation time out in the field, 
where were working under adverse 
conditions, the better off we are,” he 
says. “Consequently, I think the sys- 
tems approach to housing is the wave 
of the future.” He is particularly im- 
pressed by this effort: “It is the most 
innovative concept house that I have 
seen in my building career.” n 
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Thermometer 
you swallow 


COMMUNICATION COILS 
INNER EPOXY SHELL 
SILICONE COAT 


TEMPERATURE-SENSING 
CRYSTAL 


NICKEL-CADMIUM BATTERY 


PRINTED CIRCUITS AND ELECTRONIC 
COMPONENTS ON CERAMIC SUBSTRATES 


FDA-approved Corlemp ¥-inch ingestible ther- 
mometer takes an inner-body temperature read- 
ing accurate to зо degree Celsius. A capsule costs 
$20. The recorder system is about $4,000, 


A thermometer that borrows technol- 
ogy from the space program now makes 
taking inner-body temperature as sim- 
ple as swallowing a pill. The tiny 
CorTemp capsule was designed by Ar- 
thur Hogrefe and Jeff Lesho with 
NASA funding at Johns Hopkins Ap- 
plied Physics Laboratory in Laurel, 
Md. Among its uses: detecting hyper- 
or hypothermia; registering tempera- 
ture changes to predict fertility; mon- 
itoring food during canning to pre- 
vent spoilage. 

“The capsule senses temperature 
with a quartz crystal—similar to one 
in a wristwatch,” says Dr. Russell 
Eberhart, program director. “The 
quartz's vibration frequency changes 
with temperature." Electronics in the 
capsule convert the vibrations into 
electromagnetic pulses sent via mag- 
netic telemetry to an external coil. А 
personal computer analyzes the data. 

The capsule's telemetry system, re- 
chargeable 72-hour battery, and cir- 
cuits were first created for space 
applications. Human Technologies, 300 
Third Ave. N., St. Petersburg, Fla. 
33701.—Mariette DiChristina 


БЕ че 
M you'd like to know more about the way we make whiskey at Jack Daniel's, drop us a line. 


AT JACK DANIELS DISTILLERY, our miller 
is known as the crankiest man in Moore County. 


We're glad that he is. 


For seven generations at our Tennessee distillery 
we ve insisted on the very best corn American 
farmers can grow. Our miller inspects each 
delivery from bottom to top. And if 
it isn't up to our standard, he'll send 
the whole truckload right back. Ё 
Occasionally, we hear he's too picky. 
But we don’t mind hearing that. 
You see, what earns him his 
cranky reputation is what earns 
our whiskey your respect. 


SMOOTH SIPPIN’ 
TENNESSEE WHISKEY 


Tennessee Whiskey • 40-43% alcohol by volume (80-86 proof) Distilled and Bottled by 
Jack Daniel Distillery, Lem Motlow, Proprietor, Route 1, Lynchburg (Pop 361), Tennessee 37352 


Cedar is more than good 
looking, its hard working, too. Its 
urable and an excellent natural 


expressing your personality. Design 
е home you've always wanted in 


beautiful western red cedan ust 


insulator. Add to that the most effi- send $10.00 to receive the 2 
cient insulating and passive solar page Lindal Planbook, featuring 
systems available. color [о and over 90 differ- 
Lindal’s cedar post-and-beam ent plans. Write or call toll free and 
construction is also perfect for asterCard or VISA. 
1-800-426-0536 


ALindal Cedar Homes 


P.O. Box 24426, Dept. AZ3, Seattle, WA 98124 (206) 725-0900 + 10880 Dyke Road, Surrey, B.C., Canada УЗУ 7Р4. 


PROFESSIONAL QUALITY 
WEATHER STATION 
NOW AFFORDABLE 

ENOUGH FOR HOME USE! 


Te new Де аны weather Tation ше, state-of- 
the-art technology to give you full monitoring capa- 
bility at an incredibly low price. The WeatheiPro 
includes a weather computer, remote precision wind 
direction vane, wind speed sensor, external temper. 
ature probe, mounting hardware and 40' of cable-all 
for only $179! 
*WIND SPEED *WIND GUST 
TEMPERATURE WIND CHILL 
*WIND DIRECTION *TIME 
TEMPERATURE HILO *AUTO SCAN 
*RAINFALL (OPTIONAL) *1 YEAR WARRANTY 
*14-DAY MONEY-BACK GUARANTEE 


DIGITAR WEATHERPRO 
WEATHER STATION: ONLY $179! 


ORDER TODAY:1-800-678-3669, PS 
M-F 7AM-5:30 PM Pacific Time 


*Automatic-emptying electronic rain gau; ge 95 
Ad $5.00 for Shipping, CA residents add sales tax. 


Fax 1-415. 88 * М/С and VISA 


IGITAR" 


3465 DIABLO AVE, HAYWARD, CA 94545 
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POSTAGE SCALE 


Uncap what only 
looks like an 
ordinary 
pen to 
find an 
easy-to-use 
precision letter 
scale. 
Accurately weighs 
any envelope up 
to 8 ounces. No 
more guessing at 
weights. No more 
returns for 
postage. Perfect 
for home or office, 
pocket or purse. 
To order send 
check or money 
order fo: 
THE SCALE 
PO. BOX 982 
MORRISVILLE PA 
19067 


$4495 


Space spies 


[Continued from page 65] 


correlated with its appearance. De- 
vices that can monitor up to 224 fre- 
quency bands in the electromagnetic 
spectrum are reportedly being devel- 
oped. "All sensors lie a little," Rona 
said. "The reason you coalesce infor- 
mation from all sorts of sensors is that 
you don't trust any of them." 

Attempts to write computer soft- 
ware, capable of comparing and eval- 
uating data from many different sen- 
sors, have run into problems, notes 
Science. Military sources estimate that 
working prototypes of these “data- 
fusion" systems will not be available 
for several years. 


Spy satellites 


The coming decades will bring ex- 
traordinary improvement to surveil- 
lance satellites, not only in their 
observational capabilities, but in their 
survivability too. The threat of anti-sat - 
ellite weapons and nuclear explosions 
in space in time of war requires hard- 
ening all military satellites to radia- 
tion and other weapons. Radiation- 
resistant integrated circuits will be 
used increasingly for vital components. 
Stealth technology, such as non-radar 
reflectivesurfaces, epoxy finishes that 
absorb radar waves, and low-heat man- 
euvering thrusters, will be used. 

There are also plans for huge radar 
satellites with antennas larger than 
football fields but thinner than card- 
board. They would orbit at 1,000 miles 
or more. Other platforms, outgrowths 
of an experimental program called 
Teal Ruby, will use giant arrays of in- 
frared sensors to stare at whole con- 
tinents instead of scanning them as 
with current technology. These sensors 
could detect virtually anything impor- 
tant giving off heat, from cruise mis- 
siles, to aircraft, to missiles under test. 

Weapons such as these are not only 
becoming smaller, but increasing num- 
bers of them are mobile, and so tough- 
er to locate from space. Even worse, 
tactical and strategic weapons are be- 
ginning to proliferate in many parts 
of the world at a rate that officials in 
both Washington and Moscow find 
alarming. Alleged poison-gas facilities 
in Libya, Iraq, and elsewhere repre- 
sent one new aspect of the surveillance 
challenge. Another is the potential for 
nations in Asia, the Middle East, and 
South America to produce their own 
ballistic missiles, not to mention the 
nuclear warheads for them. 

In the minds of US. intelligence offi- 
cials, this worldwide threat will even- 
tually supersede that from the Soviet 
Union and strain the nation's space- 
surveillance capability to the limit. The 
game of hide and seek is about to be- 
come infinitely more complicated. Isl 


NOW, ofessional Lawn Results... 


Without the Professional’s Price! 


Easy...Safe...Inexpensive...The TROY-BILT’ 25-Gallon Sprayer! 


Imagine the nicest lawn on the street...lush, 
green, weed-free. Imagine healthy, pest-free 
vegetables, ornamentals, shrubs. Plus trees 
free of disease and insects. All this without 
paying a professional lawn service hundreds 
of dollars to treat your lawn. 


Why, For Heaven’s Sake, Pay 
Expensive Lawn Services? 

Besides the large 
bill you'll receive, 
who knows what 
they'll spray on 
your lawn, garden 
and trees! You can 


do it yourself far less expensively, with sur- Boom attachment (now FREE for limited time) makes lawn 
prising ease and with the peace of mind of care easy and fast! 

knowing what's been sprayed on your FREE Lawn and Yard Care Wall Chart! 
property! Start Now by sending today for 


your FREE Home Owner's Guide?" bis. potons 
The TROY-BILT Power Sprayer to Easy Yard and Garden Care. ree, 
Your Sensible Alternative This handy wall chart has dozens of : tx d 


to Costly Professionals! practical tips for easy, safe lawn- ру 


and-yard care: 
The TROY- * Identify and safely control 
BILT Power harmful insects! 


Sprayer with boom ® Recognize and correct common lawn problems! 
attachment sprays © Select specific, safe weed eliminators! 


a7’ wide path on * Much, much more! 
your lawn with PLUS... 
each pass. Or use We'll Send You the whole exciting story of the TROY- 
the spray wand tO BILT Power Sprayer, including the 30-day trial period; 
treat the largest special financing; FREE Boom offer; and Money Saving 
Spray up to 50 feet! planting beds, Offer now in effect! 
gardens or trees as tall as 50 feet! Built to 
work hard without wearing you or itself out, Mail This Coupon Today! 


this Power Sprayer has the large capacity and г Е SS eee 
big-job performance to make all your spray- Troy-Bilt Manufacturing Co. 

ing jobs fast and easy. And with an affordable Manse эһ Ave, Бер. А2186 

price, it pays for itself quickly! клы 


| 

| 

| 

| C YES! Rush me a FREE copy of the Home Owner's Guide to Easy Lawn and 
| Yard Care. Plus complete details on the TROY-BILT Power Sprayer, including 
| 

| 


MAIL THIS COUPON TODAY and the 30-day trial, convenient financing for qualified buyers and FREE Boom offer! 
Receive Your FREE Lawn & Yard NAME 
Care Guide! Or, for FASTER 
SERVICE, Call NOW TOLL-FREE | Арокез 
1-800-776-2800 Dept. 2136 | спү 
©1990 Garden Way, Inc. | STATE — SSS SS 


SHOR 
The Susan В. Anthony Dollar 
was issued only 3 years! 


Tr 
other U.S. Dollar with a shorter life 
was the 1794-95 Flowing Hair 
Dollar — America's 1st Dollar! 
This is your opportuni to get 
the complete First All-Mint Set 
of the historic 1979 Susan B. An- 
thony Dollar. One Uncirculated 
coin from each U.S. Mint — 
Philadelphia, San Francisco, 
Denver. 'hased individually: 
these 3 coins would cost $10.50, 


Complete First Year Set Of... 


EST U.S. DOLLAR SERIES SINCE 1795! 


"Dow 


but this offer saves you money. 
YOURS FOR ONLY $9p r set! 

Ridiculed by the public as the 
"Carter Quarter" the mini-dollar is 
fast becoming a prized collectible. 
Hard to put together now, a First 
Year Set will get even harder. Clip 
the coupon below and send today! 
You'll also receive our fully il- 
lustrated catalog (mailed separate- 
p. plus other offers on арргокаг 

tisfaction teed. N” 
DELAY! (Limit 4 sets). 


Littleton Coin Company, Dept. LSB593, Littleton, NH 03561 


©1988 LCC 
mm гаш оз 


I Send coupon with payment to: 

| Littleton Coin Company 

I Dept. LSB593, Littleton, NH 03561 
I susan B. Anthony Dollar FirstYear Set 


[| (3 coins; 1979 P, 1979 D, 1979 S). $5.00 


| Full 45-Day Money-Back Guarantee 


Name 


awa 


Serving collectors nationwide since 1945 
"uum mm rum шил пиш mn шш 


— (how many — limit 4 sets) 
$. (total enclosed) 


ress 


A Great Opportunity 


to take advantage of the Hottest Idea in Home Building! 


Join the industry 
leader. Become a 
Distributor of our 
innovative steel 
framed homes. 


DISTRIBUTORS WANTED B 
IN SELECT AREAS 


Substantial discounts 
No inventory required 


ifetime Homes by Tri-Steel make it easy to get started with: 

* Lowrefundable 
investment programs 

* Unrestricted territories 

* No franchise fees 


ARE 


* Advertising support 

* Construction assistance 

* Hands-on construction 
training 

* Training & support materials 

* Hundreds of floor plans 


The advantages of Lifetime Homes by Tri-Steel include: 


* Super energy efficient 
(R-30) insulation 


* Clearspan interior flexibility 
* High strength 


* Fire & termite resistance * Low maintenance 


* Fast, simple construction 


Atfordability 


* 100+ m.p.h. wind resistance • Custom design service 


* Seismic 4 earthquake rating 


Over 80 standard models 


Call Paul Samuels today for a video tape or a FREE Information Packet: 


22. Call toll free: 


1-800-TRI-STEEL 


or (214)580-1200 Fax: (214)550-0353 


" " 
Variable valve timing 
[Continued from page 84] 
puter next to the test bench controls 
the valve timing and lift for a single- 
cylinder test engine. The engine dem- 
onstrates a horsepower gain in excess 
of 20 percent—at least until the power 
drain of the valve actuators is sub- 
tracted from the equation. One of the 
researchers told me that the hydrau- 
lics eat enough power to stall the en- 
gine at high speed. 

Despite the power losses, this ap- 
proach has yielded some interesting 
possibilities. At low engine speeds the 
valves can be precisely controlled to 
act like a throttle to control the en- 
gine's output while reducing the 
pumping losses created by intake air 
flowing past the partially open throt- 
tle plate. Some cylinders could even 
be selectively disabled to conserve fuel 
on the highway, a modern-day version 
of the Cadillac V8-6-4 engine that will 
hopefully meet with better success. 


Pneumatic power 


Considerably more promising is the 
Magnavox magnetic-pneumatic sys- 
tem. Primary power to move each valve 
comes from compressed air. The impact 
of the valve closing against its seat is 
cushioned by an electromagnet charged 
to repel a permanent magnet attached 
to the valve stem (see drawing). This 
allows the valve to go from its full-open 
to full-closed position in as little as two 
milliseconds, approximating the elu- 
sive "square wave" pattern. Timing pos- 
sibilities are endless— in fact, because 
both intake and exhaust valves can 
open simultaneously, care must be 
taken to keep them from colliding with 
each other. 

The beauty of the system is that it 
consumes energy only when the valve 
is being moved. As a result, Magnavox 
researchers hope to reduce consump- 
tion to about four hp—comparable to 
that of a twin-cam engine with rocker 
arms using roller tips at the lobe fol- 
lower end to reduce friction. Tests on a 
research engine show about a 10-per- 
cent increase in low-end torque and 
power. Magnavox says this has spurred 
the interest of auto companies, which 
have been waiting for test results. 

Given its potential cost, however, the 
Magnavox system would likely be lim- 
ited at first to high-output performance 
engines on higher-priced cars. A truly 
simple, cheap, and reliable variable 
valve timing system has yet to be dem- 
onstrated, though Ford is investigat- 
ing a simple timing chain tensioner 
that would alter intake timing. Regard- 
less, the demand for improved fuel 
economy, lower exhaust emissions, and 
higher output means at least a few en- 
gines will incorporate variable valve 
timing, with more to come soon. 1] 


Take a walk on NordicTrack 
and discover why it’s 


8 ways better 
than a treadmill. 


1. Better exercise. 


NordicTrack simulates the 
world's best exercise, cross- 
country skiing. This smooth, 
total-body motion exercises all 
major body muscles in- 
cluding arm and 
shoulder muscles җ 
that are neglected in 
walking or running. 


2. Non-jarring. 

NordicTrack's smooth, 
efficient skiing motion has 
none of the jarring motions 
which can damage joints and 
ligaments. 


3. Safer. 


NordicTrack is human 
powered and has no electric 


motors or high-speed belts that 


require constant con- 
centration or that can 
throw off a user or child. 


4. You are in control. 

NordicTrack lets you set 
the pace of your workout. No 
panic starts and stops as with 
motorized devices. 


5. Quieter. 

NordicTrack's smooth 
skiing motion is inherently 
quiet and has none of the 
pounding foot step noise asso- 
ciated with running on a 
treadmill. 


6. No electric cord or 
outlet required. 


Put a NordicTrack wher- 
ever you want. You are not 


constrained by outlet location 7. Costs far less for 
and you won't trip over the 


equal quality. 

NordicTrack's efficient and 
human-powered design needs 
no expensive electric motors 
and speed controls. And, be- 
cause NordicTrack is simple 
and uncomplicated, little up- 
keep is required. 


8. Non-boring. 


People love their 
NordicTracks. In fact, 7 out 
of 10 owners are still using 
their machines more than 3 
times a week, 5 years after 
purchasing one. 


In fact, these NordicTrack 
owners are so enthusiastic 
about the results they've 
achieved, that in a market re- 
search study conducted by 
Maritz Research in 1988, 9796 
responded that they would 
recommend NordicTrack to 
their family and friends. 


Tbe world's best aerobic exerciser. 


Norare}rack 


FREE BROCHURE & VIDEO 
Call Toll Free 1-800-328-5888 


In Canada 1-800-433-9582 


О YES, please send me a free brochure 
| О ALSO a free videotape О VHS О BETA 
| Name 
Street 
| City State Zip 
| Phone ( ) 
| NordicTrack * 141C Jonathan Blvd. N. • Chaska, MN 55318 


“Say, Smokey-" 


Adinic on cars by Smokey Yunick, America’s most famous mechanic 


Legendary stalls 


Both of my Acura Legends stall right 
after starting. The cars must then be 
restarted and allowed to run for a few 
seconds before the idle settles down 
enough for driving. The dealer hasn't 
been able to help me. Can you? 

Dr. Hugo Spatz, Port Charlotte, Fla. 


Leave the cars overnight at the dealer- 
ship and have the mechanic connect 
them to an exhaust gas analyzer and 
start the engine cold to see if the air- 
fuel mixture is too lean or rich. In the 
cold-start mode, the ratio of air to fuel 
should be around 11 to 1. 


Chevy or GMC? 


Chevrolet dealers claim their pickup 
trucks, passenger vans, and minivans 
have the same running gear.as equiv- 
alent GMC models. GMC dealers in- 


sist their products are built with more 
"truck" components, which I take to 
mean tougher. Who's right? 

Newel Thomas, Eagle, Wis. 


In general, the vehicles are the same, 
except for different badges, hubcaps, 
and prices. I used to be a GMC dealer, 
and the major difference between the 
brands was the options that were avail- 
able. If you are curious about this, check 
the part numbers for both trucks. The 
numbers are the same, but the prices 
aren't. 


Belt questions 

In your October 1989 column you point 
out that overhead-cam timing belts of- 
ten don't last more than 50,000 miles. 
Why don't engine designers consider 
the following: designing inspection 
ports for timing belts; using dual tim- 
ing belts; and designing belts so they 


can be replaced without a major en- 
gine disassembly? 

W. J. Billerbeck 

Silver Spring, Md. 


I wish I could answer your question, 
but I don't design engines anymore. Pre- 
ventive maintenance and periodic in- 
spection of the belts are the only prac- 
tical solutions to this problem. 


Hot at home 


The engine in my 1986 Toyota chassis 
motor home overheats when the am- 
bient temperature goes above 90 de- 
grees Е What is your advice? 

Ed Pampy, Hemet, Calif. 


When you fill the cooling system with 
antifreeze, make sure the tank is truly 
full, and bleed air out of the high spots 
by squeezing the upper radiator hose. 
Next, check for a leaking head gasket, 


"Cambridge SoundWorks May Have 
The Best Value InThe World. AWinner" 


David Clark, Audio Magazine, Sept. '89 


n has created Ensemble?" 
provides the sound once reser- 
vel bela сы vire: It virtually disap; 


in your room. And because we market it 1 
Ensemble costs hundreds less than it would in stores. 


‚ Your living room works 
with Ensemble, not against it. 
Nomater how wel a speaker poms, athome 
your room takes over. Putting other speakers where 
the room helps the bass may hinder the upper ranges, 
or vice-versa. Ensemble consists of four units: two 


кайнаш Het neuen sul 
RI e pla 
1 Place them behind fumiture, оп 


bookshelves or under a couch. The 
small satellites blend into алу decor. 
The result: a full range, musically 
accurate without 
ee 
Ensemble in your home 
bi Wo 


SAM ME. ЕТ), seven daysa week. 
CARGA ERCO Se нир 617-332-9229. 
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ts uct wey Sel ofr abs ew cant do this with conventional 
upper frequencies coming from. 


the same enclosures as the low ones. 


Unlike seemingly similar 
p mor which 


r 
Suite 126M,154 California St., Newton, МА 02158 
| C Send more information and test reports. 
О Send Ensemble risk-free for 30 days, for $499* 
О Send an Ensemble Gift Certificate for $499* 
T'mpaying by Check OMC О Visa О AmEx 


Bp 


State. Zip. 


Phone (Area Code). 


| FOR IMMEDIATE SERVICE: 1-800-AKA-HIFI. 
‘We ship worldwide, including APO & FPO. 
|, МА residents айд 5% sales tix. 


Number. 


CAMBRIDGE SOUNDWORKS 1 


"ADVERTISEMENT" 


EXCITING NEW LAB TESTS CONFIRM SLICK 50'S BENEFITS! 


Save Gas, Save Engine with ‘POLY’ 


WHAT IS POLY? “Poly” is short for 
polytetrafluoroethylene (TFE). It is the slip- 
periest substance known to man. The 1989 
Guinness Book of World Records (pg. 184) 
says: “The lowest coefficient of static and 
dynamic friction of any solid is 0.02, in the 
case of Polytetrafluoroethylene - equivalent 
to wet ice on ice. It was first manufactured in 
quantity by E.l. duPont іп 1943, and is mar- 
keted as Teflon’”.” 

Aone quart treatment of Slick 50 will bond 
slippery "poly" to your engine for a minimum of 
50,000 miles. Unlike some temporary prod- 
ucts on the market, there is no need to add 
Slick 50 every time you change your oil. By re- 
ducing engine friction, Slick 50 increases gas 
mileage and horsepower and it reduces en- 
gine wear, defraying costly overhauls. 


Slick 50's credentials are impressive 


"Slick 50 does reduce engine heat and 
ordinary wear, and our informal tests indi- 
cate that it will improve gas mileage by 
about two or three miles per gallon...Slick 
50 does exactly what PetroLon claims it 
does." Consumers Digest, (March/April 1982, p.35) 

In 1989, the premiere engine and lubri- 
cant testing lab in the U.S. tested Slick 50. 
This EPA recognized lab conducted a strictly 
controlled experiment using industry stan- 
dard ASTM procedures. Results showed that 
Slick 50, compared to a standard reference 
oil, reduces engine wear by more than 50%. 
Be cautious of those Poly treatments that 
cannot back up their claims with such solid 
evidence. 

Ina fuel usage test conducted by this same 
prestigious lab, results showed that Slick 50 
(compared to a standard reference oil at 150) 
reduced fuel consumption in the test engine 
by 7.09% at an oil temperature of 225 and 
7.85% at 275. Once warmed up, most cars 
operate within the range of 225 to 275. 

Especially interesting is the fact that fuel 
usage with just the reference oil increased 
(see graph) as the oil got hotter than 225 . This 
is due to the well known fact that oil gets 
thinner at higher temperatures causing in- 
creased friction (and wear) in your engine. 
However with Slick 50, fuel usage actually 
decreased showing that Slick 50 produces 
it's greatest friction reducing benefits at 
higher temperatures which is exactly when 
your engine needs it the most. 

As with any lab test, these results may not 
translate exactly the same percentagewise 
for every engine under every type of driving 
condition in the "real world". However the 
conclusion for these test cases is clearly that 
Slick 50 does reduce engine wear and does 
increase gas mileage. 


HEPERCCHEE NN 

FILE Reference Ой 

225 Ж 9 Slick 50 Eng. Trtmt. 

Soas -7.09 

Ere 2785 

= 55 150. 225 275 
55 Oil gallery temperature, °F 
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ЫХ FREE 


A Mileage 
7, Booster 
4 


The Federal Aviation Administration has 
fully accepted a similar product - Slick 50 
Aircraft Treatment (F.A.R. #33.49). 

A test done at the San Diego State Uni- 
versity revealedthat, "Slick 50 does increase 
horsepower and decreases fuel consumption 
in tests done at the university". TUV, a pres- 
tigious German testing laboratory, tested 
Slick 50 and found substantial increases in 
both gas mileage and horsepower. The Space 
Shuttle Columbia uses the chemical “Poly” 
inits gears and bearings because itis the only 
chemical lubricant which can withstand the 
heat and corrosive elements of space. 

The Cranfield Institute, known world- 
wide for it's work in tribology (the study of 
friction) concluded a five year study on Slick 
50 in 1989. Results showed that Slick 50 
does indeed coat metal surfaces, dramati- 
cally reducing friction and extending the 
life of the metal. 

Perhaps the most dramatic of all is a tor- 
ture test seen by thousands of viewers on 
NBC TV station KPRC. A Lincoln Town Car 
was treated with Slick 50. During the broad- 
cast, the oil was drained and the car was 
driven without the oil plug for about half an 
hour. The water temperature never rose and 
the engine sustained no apparent damage. 

How do you give an engine a “Poly” 
treatment? Very simply! Change oil and filter 
and substitute one quart of Slick 50 for the last 
quart of oil. (Add two quarts for engines with 
oil capacities of seven quarts or more.) Slick 
50 is excellent for all gas and diesel engines 
(even turbocharged and rotary engines). 

Slick 50 will work with all petroleum 
based oils and synthetics compatible with 
petroleum based oils. 

What аге the benefits of Slick 50? By re- 


z-DURALT FC 


ducing friction, Slick 50 does all of the follov 
ing: Slick 50 increases gas mileage. Slick 5 
increases horsepower - small economy cat 
and large RV's really need this! Slick 50 make 
for easier starting (important in cold weather 
Slick 50 reduces operating temperature: 
thus increasing the lubrication of your oil an 
the life of your engine. Since lubricating lead 
being removed from gas, and unleaded gas | 
poor in lubricating qualities, this extra lubr 
cation of Slick 50 on valve stems and guide 
is a real bonus. 

Last, but not least, the drastic reductio 
in engine wear can delay costly overhaul: 
These can often cost well over $1,000. Slic 
50 eliminates the "lubrication starvation" thi 
all cars experience when you first start then 
before the oil has a chance to circulate. Up t 
90% of engine wear can be caused by th 
starvation. You receive all these benefits fe 
less than the cost of two tanks of gas ($39.95 

Will Slick 50 harm my engine or affe« 
my warranty? No! The carrier oil for Slick 5 
meets, or exceeds, every manufacturer 
engine warranty requirements and carries a 
API service classification SG-CD. 

More Slick 50 products are available. 
A FREE catalog sent on request. 


DOUBLE GUARANTEE! 
Guaranteed lowest price and guaran- 
teed satisfaction. If at the time of pur- 
chase you have seen Slick 50 adver- 
tised in a current magazine at a lower 
price, we will beat that price by $2.00 a [I 
{ quart. If you are not satisfied with our V 
Slick 50, within 4 months, send us a 
note and proof of purchase for a full V 
refund of purchase price. This makes g 
trying Slick 50 RISK FREE to you. 


DEALERSHIPS AVAILABLE 


Free DURALT FC sent with each order. 
Free shipping with orders of 2 or more. 


Call toll free 1-800 227-5425. Or send to 


L5 5-5, 5.5 .5.5.5.5.1 l. 
US AUTOTECH 


FOR PERFORMANCE MOTORING. 


407 Del Rio Road, Berthoud, CO 80513. 


О enclose $39.95 + $4 shipping for one qt. P: 
7 Send me qts. of Slick 50 @ $39.95 ea. 

FREE shipping (2 or more) 
Оспек [1C.0.D. [1 VISA/MC/DISCOVER 


Cardi Exp. 


Name 


Address - 


(Give Sweet Address tor UP S Deivey 
City_ — _ _ — 
бае — ip 


Teflon is a reg. trademark of Dupont. 
Slick 50 is a reg. trademark of Petrolon 


“Say, Smokey-” 


and be sure the fuel system is clean, 
from tank to engine. And take a look at 
the exhaust system and catalytic con- 
verter to make sure there is no blockage. 


Gelled oil 


I recently experienced an engine fail- 
ure where the oil pan was full of gelled 
oil. I was told this occurred due to lo- 
calized hot spots in an overheated en- 
gine. Since then, no mechanic I’ve 


talked with has ever seen or heard of 
oil gelling in a similar situation. 
Milton Turner, Austin, Texas 


No motor oil should gel no matter how 
hot the engine gets. But if water gets 
into the oil, anything can happen. En- 
gines today use a mixture of about 50 
percent ethylene glycol and water in 
their cooling systems that can be even 
better than pure water at gelling oil. 
Ten years ago, I used to see brand-name 


The NEW TROY-BILT* Mulching Mower 
Makes Grass Clippings DISAPPEAR! 


{ | Many localities are banning Clippings from landfills, with more legislation 
м..27 pending. How will YOU get rid of bagged Clippings in the 90's! 

* THIS MOWER LEAVES NO CLIPPINGS; cuts and recuts them into fine parti- 
cles, blows them down to grass roots. No more bagging...ever! 
© Clippings become FREE Fertilizer every time you mow. Automatically recycles 
nitrogen-rich Clippings into 100% natural, organic lawn food! 
© Original, patented blade and deck design. Other so-called “mulchers” are simply 
ordinary mowers with the side discharge closed off. 
* We build them to TROY-BILT standards, with 4HP Briggs & Stratton engine, 
22" cut, front wheel drive, single-lever height adjustment, best warranty in the business! 


1-800-453-5900 10111355 


Send Today for FREE information! | 

Simply mail this coupon, ог call TOLL-FREE, and we'll rush you 
free information all about the wonderful new mower that makes | 
Bagging Mowers OBSOLETE...including prices, and our special | 
Off-Scason Savings Offer! | 
O YES! Please send me the whole story of the | 
amazing TROY-BILT Mulching Mower! | 
| 
| 
| 
| 


Inc. 


——M——ÓÓ— RA 


Why spend the time and trouble to 
bag or rake Clippings—(then try to 
get rid of them!)—when there's now 


(990 Garden Way, 


N 
such a better way? id 
Troy-Bilt Manufacturing Co. ad 
102nd St. & 9th Ave., Dept. А2129 5] Ci 
Troy, NY 12180 è| av d ? Бер A2129 
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oils turn to a semi-solid sludge with 
total lubrication failure when the en- 
gine was subjected to a high-power set- 
ting for extended lengths of time. 


Fill-up rush 


When I run my ’79 Honda Accord to 
the last few gallons, it sputters and 
hesitates. When the gas cap is removed, 
thereis a rush of air entering the 
tank, as if Га opened a vacuum tank. 

George Breedley, Atlanta, Ga. 


First, pull off the fuel tank and check |: 
the fuel pickup and filter for clogging. 
If the charcoal canister in the gasoline 
vapor recirculation system is plumbed 
incorrectly or is plugged, the gasoline 
tank could end up with a vacuum as 
gasoline is drawn off. Check the main- 
tenance manual for correct plumbing |. 
of the canister. If that’s the case, try to 
run the car for a short period without 
the gas cap (but don’t drive far without 
it) to see if operation improves. 


Stalling Silverado 


Ihave а 1987 Chevrolet Silverado with |' 
a 350-cubic-inch engine and automatic 
transmission. The truck stalls at traffic 
lights or when I shift into reverse. How 
do I avoid this stalling? 

J. R. Cervantes, Black Mountain, N.C. 


The stalling problem comes from either 
an incorrect air-fuel ratio or improper 
ignition timing that reduces the en- 
gine’s power. The most likely causes are 
problems with the exhaust gas recircula- 
tion valve, plumbing problems in the 
fuel vent system, an exhaust system re- 
striction, a basic engine problem, or 
high drag due to transmission problems. 


Limited miss 

I have a 1984 Ford LTD with a 302- 
cubic-inch V8 and 30,000 miles on the 
odometer. The engine misses and some- 
times stalls as I slow down to stop and 
when I accelerate. A Ford mechanic 
told me that carbon buildup in the ex- 
haust gas recirculation is the problem. 
He suggested cleaning it periodically. 
Is there a permanent solution? 

E. Christensen, Redwood Falls, Minn. 


There is nothing you can do that is cost 
effective to prevent the EGR valve from 
clogging. Just clean it every year and 
replace it if it appears damaged. 


Got a car problem? Send it to "Say, Smokey—,"" POPULAR 
Science, 2 Park Ave., New York, N.Y. 10016. All letters are 
read, and those of widest interest are answered in this col- 
umn. Due to the large volume of mail, Smokey cannot reply 
to letters not selected for publication. 


A ‘WATER-WISE’ PRODUCT 


If plants could talk 
they'd ask for.. К 


* 


RAINDRIP 


jBAINDRIP 5 8. 
GARDEN КІТ ! ri 
A Y ^. e 


| 
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Drip watering with RAINDRIP 
is everything your plants could 
ask for... water and fertili- 
zer applied directly to the 
root zone, slowly and evenly, 
resulting in fast growth, 
greater yields and healthier 
happier plants. 

RAINDRIP is #1 with people, 
too. An easy-to-install system 
saves time and money... and, 

conserves water. 


RAINDRIP is, simply, the best 

and most efficient method of 

watering and fertilizing avail- 
able to the home gardener. 


RAINDRIP has a kit for every garden- 
ing need, and a complete line of parts 
and accesories. 


DRIP WATERING 
LANDSCAPE KIT 


al «is, 


" DRIP WATERING 
VEGETABLE 
ARDEN KIT 


Available in home and garden centers everywhere. 
For free information and a dealer near you, call RAINDRIP, Inc. In California: 1(800) 367-3747 


Outside California: 1 (800) 544-3747 


E 


Be your own boss with your own 
small-engine repair business. 


NRI shows you how to service mowers, 
garden equipment, snow blowers, chain 
saws, outboards, motorcycles and more. 

Then shows you how to start and run 

your own business. 
If you're looking for independence 

. . for extra income in your spare time. . . 
fora productive retirement career. . .then 
look into the NRI home-study course in 
Small Engine Repair. It’s a great way to get 
yourown full- or part-time 
business. And there's plenty of 
room for trained people. 


Learn at Home in Spare Time 
No need to quit your job 
or travel to night school. NRI 
trains you right at home. You 
learn with “bite-size” lessons 


that show you how to service 
almost everything that uses 5 ^ 
small motors. And you learn at Earn part-time income doing = araar = 
your convenience. for hardware stores, lawn and garden shops. pora practical 
Train on 5 HP Engine кшз 
Choice of Two Courses 
Аршы the NRL M ser Coder There’s the 30-lesson Basic Course, 


you get a brand-new, 5 HP Tecumseh 
engine plus a power generator to train on. 
You learn to troubleshoot, do tuneups, 
even tear down for valve and ring jobs. You 
learn using professional tools like a com- 
plete wrench set, inductive tachometer, 
volt-ohm-milliampmeter, overhaul equip- 
ment, and more. 


concentrating on the lucrative lawn and 
garden equipment business. The 45-lesson 
Master Course has it all, adding lessons on 
chain saws, mopeds, outboards, light in- 
dustrial equipment, snowmobiles, and 
even motorcycles, 


Exclusive Factory Training 
Your Master Course includes five 
intensive days of optional training at the 
Tecumseh Factory Service School. Here 
you'll work with master technicians, get- 
ting first-hand experience. It’s all designed 
to prepare you for success. 


Free Catalog, No Salesman Will Call 
Our big catalog tells all the facts, no 
salesman will ever bother you. Take the 
first step toward running your own life and 
send today. If coupon has been used, write 
NRI Schools, 4401 Connecticut Avenue, 
NW, Washington, DC 20008 


A ru 


"Training includes 5 HP engine, 
all these professional tools. 


New! 

Power 
generator 
included! 
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I Maré: SCHOOLS 


McGraw-Hill 


Education Center 
| 4401 Сопол Avenue, NW Bj сыш F; Бо "иче 
[мел one you tomorrow. vin D Ай Conditioning, Refrigeration & С Color TViAudioNideo Servicing | 
Heating Courses Including Solar Г Computer Electronics Including 
Please rush me the one free catalog Technology Microcomputers 1 
Ihave checked. | understand there is no C Automotive Mechanics Course [C Telephone Servicing Course 
| obligation. NO SALESMAN WILL CALL C) Appliance Senicing Course E] Locksmithing Course | 
| Мате (Please print) Age | 
| 539% l 
| Giystatezip wow | 
Accredited by the National Home Study Councit J 
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Corvette vs. Corvette 
[Continued from page 91] 

ferent directions. The adjustment steps 
for the tilt steering wheel are too 
widely spaced. The shift lever in one 
of our test cars rattled persistently, 
and the ZR-1 has an annoying FuLL 
ENaiNE Power advisory that blazes out 
from the instrument panel with neon- 
like brilliance at night. (It’s not con- 
trolled by the dimmer.) Many of the 
new switches feel chintzy in operation. 
For example, there’s a cheap plastic 
click every time you use the multi- 
function turn signal switch and, worse 
yet, an exposed wire that runs along 
its support stalk. 


Finding fault 


While we're complaining, Corvette 
doors never seem to latch completely 
on the first slam. This is easily the 
most difficult car in the world to en- 
ter or exit, and it takes a half hour to 
remove or replace the roof panel. 

This is not to say we don't like Chev- 
rolet's sports car. In fact, we admire 
Corvettes and everything they stand 
for, but it's disappointing to find such 
poor execution of detail in the interior. 

This month's car test is unusual in 
that we have two victors in the two- 
car field. The base car wins the one- 
upmanship award for dethroning the 
*king of the hill" in all three handling 
tests. With 250 hp under the hood, it 
is a satisfying car to drive, and pro- 
spective buyers should not fret over 
their lack of ZR-1 badges. In converti- 
ble form, this is one of the most enter- 
taining sports cars money can buy. 

The ZR-1 Corvette, on the other 
hand, is not just a car, it's a phe- 
nomenon. Even though the engineers 
missed their 400-hp target by a wide 
margin, this Corvette has enough 
oomph to rivet anyone's attention and 
stir his soul to a dither. With a top 
speed over 170 mph and go, stop, and 
turn abilities that demand both a taut 
seat belt and a firm grip on the steer- 
ing wheel, the ZR-1 is America's proud- 
est automotive achievement. 
Worthy? 

IstheZR-1 whatthe engineers claim 
it to be? Well no, actually it's better. 
Is it worth $59,175? According to Jim 
Perkins, GM vice president and Chev- 
rolet general manager, the current av- 
erage selling price for a ZR-1 Corvette 
has been bid up to $75,000 by hungry 
buyers. There is only enough manu- 
facturing capacity to produce 3,000 to 
3,500 LT5 engines per year, so this 
car should be an excellent investment 
for some time to come. In other words, 
it’s worth every nickel. 

In fact, if you notice a ZR-1 Corvette 
languishing on a Chevrolet dealer's 
lot, please give us a call. 05 


“With no risk, no investment... 


| made $56,000 
my first 5 months 
in my own Pace 
Business” 


A true story by a successful, new Pace Distributor 


“1 was lucky if | made even half that 
working a full year at my job." 


"I was a sub-contractor doing construction 
work, you know—homes, apartments, 
remodeling, even mobile homes. I made 
what I thought was a decent income, but 
my money just didn't go far enough- 
especially after all the bills! 


“One day, I was reading a magazine and 
a Pace Products ad caught my eye. I mailed 
the coupon and in a few йе they sent me 
a packet of information. Their program 
looked like a good one. But what T'liked 
best was that I could start part-time and 
still keep my other job while I ‘tested the 


waters’ to see how I could do as a Pace 
distributor. 


“And now look how my life has 
changed! The money I make is fan- 
tastic. I’m my own boss. I used to rent, 
but now I own my own home and I’m 
рин to buy a boat for my family. 

‘or the first time in my life I have a 
future. 

“What I really like most is there is 
absolutely no risk. With a lot of companies 
you end up investing your own money. But 
not Pace. It doesn’t cost a penny to get 
si L 

“And Pace gives you big commissions ш 
front, paid in advance, weekly. Without tail! 


A Proven Success! 


“What is Pace? It costs a fortune for 
schools, hospitals, plants and other com- 
mercial buildings to have roof contractors 
repair or re-do their roofs. Pace saves them 
that fortune, by-passing the contractor. 
The building owner uses Pace Seamless 
Spray to apply Pace Roof Renewal Sealant 
right over the old roof. The cost is so low, 
the proven results so satisfactory, that. 
there is little, if any sales resistance. 


"Pace ships the Seamless Spray applica- 
tion equipment on Free Loan. The cus- 
tomer pays only for the roofing products 
from Pace. His own men can apply it. Or if 
you want, you can handle the application 
yourself. That's what I have been doing... 
so I make even more money! And the 
clincher-/ get my big commissions paid 
up front. 


"Today my family and I are enjoying a 
life we never thought possible before—all 
thanks to my answering that ad." 


Easy to get started 


You too can enjoy success with Pace and 
the best part is you don't have to invest a 
penny. Or have any special background or 
experience. 


Pace is a proven winner. That's why its 
products have been used by hundreds of 
well-known companies all over the world. 


Be Your Own Boss! 


Wouldn't you like being your own boss and 
running à successful business, never tak- 
ing orders again from somebody else? 
Imagine setting your own hours, taking 
time off whenever you feel like it. 


It's easy to start earning extra income in 
your spare time-switching to full time 
when your income exceeds your regular 


job ..or start right out full time. With Pace 
‘oducts the choice is yours. 


Mail coupon today for FREE 
facts-No obligation! 


Everything you need for this once-in-a- 
lifetime opportunity will be mailed to your 
home. Simply send in the coupon below. 
There's no obligation. No salesman will 
call. 


Our field-tested sales kit gives you all 
the know-how you need. There's no wait- 
ing, no training needed. And no invest- 
ment required. 


Get all the facts and decide for yourself. 


== = MAIL TODAY! = —— 7] 
Pace Products, Inc. Dept. PS-390 
Quality Plaza, 11775 W. 112th St. 
| Ро. Box 10925 Overland Park, KS 66210 l 
I C WITHOUT OBLIGATION send free material that tells how I 
| сап have my own Pace business. No salesman will call. 


PLEASE PRINT 


су. State 2р 


EARLY RETIREMENT? 

Thinking of retiring? Being pushed into early retire- 
ment? Many have made Pace their Second Career 
(often resulting in greater success than they ever 
E] before!) 


[ae a 


6 for the shop 
[Continued from page 94 


with it, vibration, noise, and anxiety. 

To use these unusual bits you must 
mount your router in a table. Then 
run the stock past the bits on edge 
rather than face-down as you would 
with ordinary winged panel bits. By 
raising or lowering the bit, you can 
vary your reveal (the width of the ex- 
posed "carved" section of the panel) 
from 1 to 1% inches. Also, always 
place your workpiece against the fence, 
with the fence covering the majority 
of the bit, says Byrom International. 

Is there any disadvantage to the 
Safety-Raiser's vertical design? Only 
one that I found: A piloted wing bit 
can shape panels with curved edges, 
but with the Safety-Raiser your work 
is limited to straight-edged panels. 

Individual bits sell for $85 to $90; 
a set of five coated with titanium ni- 
tride for longer edge life costs $450 
($425 uncoated).—A. J. Н. 


Smooth, safe dado 


The dado is one of the most basic 
joints in woodworking, but most dado 
heads have two common problems: 
chipping when cutting across the 
grain and climbing out of the kerf 
when used with a radial-arm saw. Now 
Freud has a new stack-type dado blade 
created—with the help of computer- 
aided design—to solve those problems. 

Chipping is limited because the 
teeth are ground to a steep top bevel, 
creating a knifelike point on the tip 
of each tooth. These points are all 
oriented to the outside of the blade so 
they effectively slice rather than gouge 
along the edges of the cut. Also, the 
carbide teeth are sintered from car- 
bon and tungsten particles with a 
grain size of 0.8 micron, 32 percent 
smaller than the powders used by 
other makers. This produces a denser, 
harder tooth that can be ground to a 
sharper edge. 

To eliminate a tendency to overbite 
and climb, Freud laser-cuts the disc 
of the blade so a small protruding steel 
shoulder is formed in front of every 
tooth. The shoulders limit the cut 
depth of each tooth to 0.2 millimeter. 

I tested the Freud Safety Dado on 
both table and radial-arm saws, cut- 
ting softwoods, hardwoods, and splin- 
tery ash-veneer plywood. I can say it 
is the finest dado head I have ever 
used. It comes in four sizes from 6 to 
12 inches. The eight-incher lists for 
$196, but you can find it for less than 
$150.—A. J. H. 


MANUFACTURERS' ADDRESSES 

Byrom International Corp., Box 246, Chardon OH 44024; 
Freud USA, 218 Field Ave., High Point NC 27264; Moore 
Tool Co., 54 Glen Dr., Hudson NH 03051; Porter-Cable Corp. 
Box 2468, Jackson TN 38302; Shopsmith Inc., 3931 Im- 
age Dr., Dayton OH 45414-2591; Woodcraft Supply Co., 
Box 4000, Woburn MA 01888 
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KEMP 
Shredder/Chippers 


The gardener’s choice 
for 100 years 
because they're 


Kemp shredders set the stan- 
dard. Since Nelson Kemp de- 
signed the first home-garden 
shredder, gardeners have been 
reaping the rewards of owning 
a KEMP. 


"| am a super satisfied owner of a 
Kemp Shredder which I purchased 20 
years ago. Year after year this trusty 
Kemp has contributed tons of shred- 
ded leaves (etc.) to my organic veg- 
etable garden." 

Bill Krames Yardley, PA 


KEMP FEATURES MAKE 

THE DIFFERENCE 

* The sturdy 4-wheel design gives you 
stability and easier portability. 

* Kemp's fixed hammers give you 
even shredding—without vibration. 

* The exclusive anti-clog gate lets you 
instantly remove any unshreddable 
objects that accidentally get fed into 
the hopper. 

* Kemp quickly turns yard and gar- 
den debris into mulch and compost. 

* Kemp chips limbs up to 3" thick! 

* Six models to choose from. 


Send for FREE 


information! BUDGET PLAN 


NO PAYMENTS 
- FOR з MONTHS! - 
KEMP Co. g 
| Quality Products for 100 Years, 1890-1990 
160 Koser Rd., Dept. 44030, Lititz, PA 17543 8 
| с Yes! Send my FREE information on ©] 
l Kemp Shredder/Chippers, your easy 1 
budget plan, and special 30-day offer! 


1 
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STATE ZIP —__ 
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NEW FREE BOOK 
DISCUSSES 


HOW TO 
SELL YOUR 
INVENTION 


Do you have an invention you intend 
offering to manufacturers on a sale or 
royalty arrangement? If so, by all 
means write for our free booklet as a 
guide, whether you do it yourself, or 
employ us to help you. 

It's free for the asking and here are 
just some of the subjects it covers. 

* How to Describe Your Invention so 
Manufacturers will take Notice 

* The Next Step to Take if a Manufac- 
turer Shows Interest 

LI ipproxinate Royalty Rates Man- 
ufacturers are Currently Paying 

* If Your Invention is Sold Outright 
for Cash 

* Or, Part Cash, Part Royalty 

* Submitting Your Invention Before 
Patenting 

Our reason for giving away information 

we've gathered over our 26 years in this 

business is simply that we hope you 

read it and employ us at our reasonable 

fee rather than do it yourself. But that 

will be for you to decide. 

But understand, we are not promot- 
ers, developers, brokers. Ours is a tech- 
nical service of writing descriptive 
materials for your invention and select- 
ing the right manufacturers who poten- 
tially should be interested in it. The 
materials we prepare are your property. 

We are not patent attorneys. For 
questions relating to proprietary rights, 
searches, patentability, you should con- 
sult a Registered Patent Attorney. 

But back to the booklet. We want you 
as a client but only if, after reading it, 

ou think you need us. Otherwise the 

“ras will show you how to do it your- 
self. 

Use the coupon below. We'll rush the 
booklet to you. No obligation whatever. 
(But please no drawings or models at 
this point.) 

REFERENCES: Your own bank, at- 
torney or Chamber of Commerce. 

Mail the coupon Today. Please en- 
close $1 for postage and handling. 
Kessler Sales Corp.,Dept. D-73 Fre- 
mont, Ohio 43420. 


i, MAIL THIS COUPON 1 


E Mr. K. O. Kessler. President I 
1 Kessler Sales Corporation 1 
Dept. 0-73 Fremont. Ohio 43420 


Please mail me the FREE booklet explaining Ё 
how to go about selling my invention. This g 
does not obligate me in any way. 1 am enclos- 
ing $1 for postage and handling. so rush the Ё 
booklet by return mail. 


Name. 
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HARD-T0-FIND, UNIQUE PRODUCTS for HOBBYISTS, GADGETEERS and STUDENTS 


from America’s Largest Mail-Order Market Place of Unusual Values in Telescopes, Binoculars, Magnifiers, Lasers, 
Microscopes, Science Kits, Lab Equipment, Military Surplus, Solar, Toys, Fiber Optics and Weather Instruments. 
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Butterflies in This Butterfly Garden. With Our! 


Giant American Bull Frog Model Kit. Flexible. 
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Edmund Scientific Co., Dept. 1003 
C912 Edscorp Bldg., Barrington, NJ 08007 


yi exclave, vaigue ad exciting vues. 
Тышан и cive sque and ening aloes. 


к=) For Phone Orders, Call 

1 (609) 541-8880 

for friendly special treatment 

за VISA, MasterCard, Diners Club, Am. Exp., Discover, 


те Blanche or Optima. Call anytime, 24 hours a day. 
OST ORDERS SHIPPED WITHIN 48 HOURS 


Мо Risk Guarantee! it you are not 


‘hits orginal awe wih 
‘Our 45 day unconditional 


fully refund your money ie tll. We beck our. 
guarantee means you lake no rix on any product you buy from us. 


Edmund Scientific Co. 


Dept. 1003, C912 Edscorp Bldg., Barrington, NJ 08007 


your 


оске! Weather Forecast Radio. gn 


‘A 

B > 

Our Most Popular Science Fun Assortment 

Cass science demonstraton toys have amazed and т 

young minds lor many genersbons You have lun and 

Shere Gemonstratons wi hee lavontes 
drinking bird 


tube 


Now You Can Enjoy Seeing Your Old Home 
| M Movies And Slides On Television. 


"700 Science 
An Exciting. 


For Everyone" — 
For Science Fair Projects. 


"tamps г евтитиу дисин 
"eene тд aioe ты 
"era ach experiment ыу алей 


Space-Age Gyroscope. A Favorite Of All Ages. 
Space-age design updates the classic 
5 plasic 


prosop rg ahh 
ody with brass and пи 
Procsion erated o spin 
‘tying 


Color To Your Home With A 


‘Rainbow Light Display. 
Our eqlaterl prism mounted na есу 
designed wooden base catches We sun and 


FACTORY DIRECT CLOCKS 
: AND FURNITURE 
Do-It-Yourself 
Kits or Assembled 
and Finished 
© Grandfather Clocks, 
Mantel and Wall Clocks 
* Cabinets, Chests, Tables, 
Chairs, Desks...and more! 
© Solid 3/4" Black Walnut, 
Cherry, or Oak 
* Heirloom Quality 


© Solid Brass West German 
Movements and Dials 


Northern’ 


Where the Pros and Handymen Shop 
ORDER TOLL FREE 


1-800-533-5545 


Sale Prices Good Thru 3-31-90 KEY #87129 


Homeowners— 
Here’s the 
Only Complete 
Yard Cleanup | 
Machine That. 

2; 


* Money Back Guarantee 


8 HP Tecumseh engine has 
castiron sleeve. homs 16425 


Sale $399.99 


4000 Watt 12 Volt 
Electric Start 


tors 16426 
Sale $489.99 


SEND $1 
FOR 
COLOR 
CATALOG 


EMPEROR 


CLOCK COMPANY 


1500 PSI 


каа ener 


fas low ol shots, 3 GPM 
Triplex plunger pump. 30° 
hose with gun. 
heme 157141 


Sale $499.99 


Direct Drive 1-1/2 HP 

Air Com 

7-дайюп tank. 125 PSI max. 

Delivers 4.71 CFM at 40 PSI, 4.33 at 90 PSI. 115V. 


Пот 15200 
Sale $199.99 
Swing-Back Trailer Jack 


750-lb. . Lifts to 21". 
Chrome plated. 5-1/2" wheel. 


HP Briggs. ems 10996 
Sale $157.99 


"2 


Lam interested in 
Do-It-Yourself Kits C Finished Clocks O Finished Fur 


"E. m 
BY KEMP 


* VACUUMS leaves and reduces 
them up to one twelfth their vol- 
ume for easy disposal 

* CHIPS branches up to 1/2” 
thick, turning them into dime-size 
wood chips 

* SHREDS old plants, weeds, gar- 
den and kitchen waste for recy- 
Cling as valuable mulch 

„ви lawns, patios, walk- 
ways, and driveways clean of 
leaves, grass clippings and dirt in 
minutes 

* BAGS shredded and chipped 
material instantly as it discharges 
into the easy-to-empty catch bag 


Name — 
Street — 


LARN VOR 
CLEANING/MAINTENANCE/REPAIR 


EARN UP TO $1000 A WEEK, WORKING 
PART TIME FROM YOUR OWN HOME! 


140-Amp Portable 
Arc Welder 


Adjusts from 40 to 140 
Amps. 115 Volts. FREE 
accessory кї. 
tems 156510 


Sale $114.99 Why buy small lightweight equipment 


that's slow and frustrating to use, or big 
expensive equipment you don't really 
need? Now there's Yardvark!—the 
affordable easy-to-use yard cleanup 


ST 145 Gas Powered Homelite HOMELITE 


machine that's the perfect size for the 
average homeowner. Yardvark's 3 HP 
engine handles any cleanup chore in 
a breeze. It's the only machine that 

handles all your yard waste problems! 


SPECIAL INTRODUCTO! 
RICE AVE $110 


Quality Products for 
100 Years, 1890—1990 
Yarovark~ 
BY KEMP 
160 Koser Road, Dept. 44030Y Lititz, PA 1754: 


THE MONEY MAKING OPPORTUNITY 
OF THE 1990'S 


IF you 
tools, 
IF you possess average mt 


ible to work with common small hand 


tenance pi 
FACT: up to 90% of ALL VR 'alfunc 
to simple MECHANICAL or ELECTRO-! 
breakdowns! 
FACT: over 77 million VCRs in use today nationwide! 
(i every 12 to 18 


10HP 


c for 


ths! 
Viejo's 400 PAGE TRAINING MANUAL (over 500 pho- 


tos and illustrations) and AWARD-WINNING VIDEO 


О YES! Rush me free information about 


МІНЕ TAPE reveals the SECRETS of VCR mi the new Yardvark! 

ind ге| eal world" information t! П 

ible elsewhere! 1 NAME 
Also includes all the info you'll need regarding 1 
the BUSINESS-SIDE of running а successful service Н ADDRESS: 
tion! 

operation! FREE INFORMATION ijl env 

CALL TOLL-FREE 1-800-537-0589 1] sme z 

Or write to: Viejo Publications Inc. SEND TO NORTHERN: 1 L ©1990 

3540 Wilshire BL. STE. 310 P.O. Box 1219, Burnsville, MN 55337-0219 d =] — — — — — m 


Los Angeles, CA 90010 Dept. PS 
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Shoppers’ Showcase - 


Г 
T 


A selection of products and services for POPULAR Science from the advertiser. For advertising rates for this sec- 
readers available direct by mail. Enjoy the fun and con- tion, write Advertising Sales, PoPULAR SciENCE, 2 Park 
venience of mail ordering shopping. Please order directly _ Avenue, New York, N. Y. 10016 or call (212) 779- 5000. 


ORDER TODAY!! 


1-800-729-9000 


THE "GREAT DEAL" CATALOG 


PACKARD ВЕЦ ERE — X Ф SCHLAGE. Wireless Security [MTV [opp HAND-HELD IMAGE 
РАСКМАТЕ 286 COMPUTER > 24. ‘S| KEEPSAFER PLUS System 


safer Plus * Scanning 


SCANNER w/ Software 


КК А maximum 
* 80286 microprocessor Bey vine width: up to 
(operates at 12 MHz) wares 


E Ай 4" wide 
< One 3-1/2" 1.44 MB floppy Боса + 100/200 dpi 

drive. + One 5-1/4" 1.22 € А resolution. 

MB floppy drive. ren mee * Scans at 
+30 MB hard drive M BS 

Erde a approximately 

* 1 MB RAM on motherboard раа оту dinya я 1" per second, 

expandable to 3 MB. синд erences (up eon а * Quickly reads : 

1а” oturn without sounding alarm. iu 

+ Includes VGA 14" color - hie ee ИЛЫ signatures, logos, photos, newspaper columns, & clip 

ЫА tar. 5 esci ara art. + Display bar charts іп 2-D or 3-D. 
. atible. + кои OG + Scanner, controller, & IMSI Graphic Presentation 

i ” PM a transmitters with batteries. 

compatible. "в expansion iot Dual гави HDD Баба software. • 3 dithering patterns for grey scale effects. 

controller. + 2 half height drive cavities exposed + Back-up Power Supply U + Scanned images look as sharp and clear as the originals 
* 1 half height drive кү enclosed. * 2 serial ports. raph reac uct * Works with major graphic & desktop publishing software. 
* 1 parallel port. + System configur iy tale + IBM compatible. + Uses red LED 

ation in CMOS with battery Mfg. Sugg. Retail supp fais. Mig. Sugg. Retail: B" CCD light sensors Mig Bag RE 


bue De i „449. T і + 13 ferent graph types with $299.00 
+ Includes MS DOS 3.3 & У is on $499.95 егеп! graph types with 


тта || unimited combinations ттт 
GW BASIC s DAMARK PRICE Bisisipsani or 100% compatible 


e RES ыа s S49|z. $99 
Ob motto < One Year Warranty! + Dim.: 5.75"Wx 1.5°H x 3.3"D. 


ет 2 f- 1 -, One Year Warranty! T 
+ One Year Warramyt tem No. 87 Heuer йет No. B-1821-114462 B Factory New & Pertect! "eM No. B-1821-13427 
Factory New & Perfect! 195060 Ship ас!огу Pertec Insured Ship/Hand.: $9.50 Insured ShipiHand.: $5.00 


STAR PHONE STAND ALONE HALOGEN TORCHIERE 


LONG RANGE 
-X and K band CORDLESS PHONE | LOOR LAMP 


* Dual conversion à © * Halogen torchiere floor lamp. 
superheteradyne. à + Stand alone design. + Shines light upward, 

* Highway/City ; * Auto redial. yet fills entire room. 
selector switch. 2 + Frequency: 46-49 MHz. + Variable light control switch 

+ Audio signal л 5 * Call button from base * 500 Watt halogen bulb included 
source buzzer. to phone. + Sleek, black finish. 

+ High gain receiving f + Tone/Puse dialing * U.L. approved 
antenna. * Includes rechargeable. * Contemporary d 

* 12 volt dc power nickel cadium batteries. + Glass insert below shade allows 
cord jack. + Contemporary styling. light to shine downward. 

+ 5 LED signal level indicator. * High quality electronics. also—for a complete lighting effect 

* As radar signal increases in strength, + Model 4: CP-40 * Color: Black 
more LED's light up. + Dash or visor mounting + Height: Approx. 72 

+ Detection bandwidth: +1 00MHZ-X-BAND/ + One Year Warranty! 
1200 MHZ-K-BAND. 

+ Receiver gain: Mfg. Sugg. Retail 
100 dB minimum. $249.95 


Include: 


* RD1010 Radar Detector. 
* Spring clip. 

"T power cord with fuse. $ 

* 90 Day Warranty! 


Insure: 


Mfg. Sugg. 
Retail 


$199.00 


+90 Day Warranty! DAMARK PRICE: DAMARK PRICE; 


+ Factory New! >| 
facor Prec! $59 $59 
+ Factory New! Item No. B-1821-124967 Item No. B-1821-129049 Item No. B-1821-127911 


Factory Perfect! Insured Ship/Hand.: $5.50 Insured Ship/Hand.: $5.00 @ insured Ship/Hand.: $9.00 
пи иш иш иш иш иш ин шш шшш ки ип иш ип ин иш ип ил ин шш шш пи ии иш иш иш иш иш ин ишин 


Mig. Sugg. Retail 
$170.00 


B-1821 
0 MasterCard [] Discover CARD NO. EXP. DATE. 


isi Send To: DAMARK INTERNATIONAL, INC., 6707 Shingle Creek Parkway, Minneapolis, MN 55430 [zs 9 
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FOR FASTEST SERVICE lee а 
Шш CALL TOLL FREE =] ы ПЕМ Sa | PRICE 
m 1-800-729-9000 ^ ш 
- NAME Е 

DELIVERY TO 48 US. CONTINENTAL STATES ONLY 

ADDRESS M35 CUSTOMER SERVICE: 1-612-566-4940 BOBO ш 
E ov. 1] Óg. —zp. |. in MN add 6% Sales Tax 
Ш PHONE = Total S/H/I | | 
Bl 0 Check/Money Order [] VISA SIGNATURE — ——~—— ~ ~~~ — GRAND TOTAL ш 


Term Paper Assistance 
Catalog of 19,278 research papers 
Order Catalog Today with Visa/MC or COD 


EH» 


California & Canada: (213) 477-8226 
Monday - Friday 10am - 5 pm (Pacific time) 
Or send $2.00 with coupon below 
Our 306-page catalog contains detailed descriptions of 19,278 
research papers, a virtual library of information at your 
К 


finger noie and. bibliographic pages are free. Ordering 
phone 


our et this 


college yea 
EXAMPLES OF CATALOG TOPICS. 
15759-WORK RELATED STRESS Ways to minimize 
and manage stress, emphasizing human relations 
and environmental approaches. 9 footnotes. 7 
bibliographies, 6 pages. 

15842-GROUNDWATER CONTAMINATION Origins 
types, economic, political, health aspects. Proposed 
solution based on cost/benefit analysis of social 
capital. 12 footnotes, 8 bibliographies, 8 pages 


valuable 


Research Assistance also provide custom research and thesis 
assistance, Our staff of 75 prolessional writers. each writing 
im his field of expertise. can assist you with all your research 
s 
QUALITY GUARANTEED! 
PW RESEARCH ASSISTANCE d 
ии] 11322 Idaho Avenue, Suite 206-ZP 1 
West Los Angeles, California 90025 
| — Please rush my catalog. Enclosed is $2.00 to cover postage. | 
Name 1 
Address 
City State — Zip | 


— MAIL THIS COUPON FOR FREE FACTS! = 


| TRAIN AT HOME | 


| FOR A BETTER CAREER | 
123 ways ICS can help you improve your life} 


Rush free facts and color brochure on how I can train at home for the 
| care I Nava chosen, understand Lm under no oben and то sales- I 
mun vil vis me. CHECK ONE OOK ONG | 


CSS International Corrospondenco Schools, Dept. мш 


ES eo sra Scranton. Pennsyvania 8515 
ASSOCIATE IN SPECIALIZED 
E EIE. TECHNOLOGY DEGREE PROGRAMS | 
muness Management ivi Engineen 
| Aecourng н | Mocnanca тотто Tecn | 
‘Business Management үе бо 
[win option in Finance. О Electronics al 
то Business Managemen 
| Mih opionin Marang 1 
таалаа CAREER DIPLOMA PROGRAMS —-- 
T Business Management 
E TM jns l 
| Bena à Mapping | Microcomputer Repair 1 
О бап C] Computer Programming 
138 и Солдо & Reingerson юзо Computer 1 
P Widia Forestry Conservaton Spec 
ico Sconces 
| беватан олам ee l 
[im | 
Mons me 
| сузш. 1». I 


Pied 


Take Us For A Ride! 


Direct to the public 
Replica Assembly Kit 


0% 


SAVE 
UPTO 


As seen in major airports and national TV. 


ME esM 
00 _ In Minnesota call (612) 546-7336 
Coll now or send $1.00 for information 


800-328-5671 
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Can you save $200/year AND stop the 


GARBAGE CRISIS ? 


YES With heavy corrugated RecycleBin™ 
Organize alum.glass, plastic & paper for 
recycling. Instructions & 30 Day МВ 


LEIZ 
Guarantee, $25 p $5 Shipping. COM- | 
MONSENSE, Р.О. Box 2497-PS, Chino, 
CA 91708. Visa,MC (800)736-3247 Mea- | 


sures 54"W 45°H 16D. 4-6 weeks delivery 


FREE CATALOG! 
1-800-648-7938 


JERROLD HAMLIN OAK ETC 


CABLE TV 
DESCRAMBLERS 


* Compare our Low Retail Prices! 
* Guaranteed Prices & Warranties! 

* Orders Shipped Immediately! 
REPUBLIC CABLE PRODUCTS, INC. 
4080 Paradise Rd. #15, Dept. 504 g 
—, Las Vegas, NV 89109 

For all other information 


Make‘25to ‘100 per hour ff 
wih Badge A Minit 


They're fast and easy to make 
with Badge-a-Minit and 
inexpensive! 
Send for a FREE Full color 

idea book, or 
Starter Kit, only 
$09.95 plus $1.75 shipping 
(IL residents add $1.87 
BADGE-A Mint, Dept P5390. 
348 Worth 300 Rd 


Buy your 


AGNATRAC 
FACTORY- 
ASSEMBLED 


or in KIT 
formi 


earn Extra CASH 
Ф CATALOG — shows all uses... $1.00 
€ TECHNICAL MANUAL. 
© VIDEO — 30 minutes....... 
STRUCK-KIT ө Dept: PS30 
CEDARBURG, WISCONSIN 53012 


Gazelle 
1929 Mercedes replica 


1900 Keypinse Corp АП ngs reserved 


Get yourself a Kryptonite Car Lock. So 
when a guy with a door jimmy in his hand 
and hot-wiring in his heart looks in your 
car window, he'll see a good reason to 
move on down the block. 

Toorder, call toll-free 1-800-225-5669, 
dept. 508. Or send $89.95 (MA residents 
add $4.25 sales tax) to: MVTC INC., 
95 Freeport St., Boston, MA 02122. 


Ve guarantee to pay up to S500 of your auto 
insurance deductible if your car is stolen while 
properly secured with this product. Call or 
write for details 


KRYPTONITE 


Daylab 


Make Custom 8x10 
Color Enlargements 
Without A Darkroom 
| FREE CATALOG & MAIL ORDER INFO | 
| 200A East Main, Ontario, CA 91762 • (714) 988-3233 | 


REPLACEMENT 
gana BLADE FOR 
10-9 ROTARY MOWERS 


MINIMIZES CHANCES OF SERIOUS 
INJURY-CUTS LIKE A METAL BLADE 


* ONE EASILY INSTALLED. = REDUCES DAMAGE TO 
SIZE FITS ALL 17" ТО 22° HOSES. SPRINKLERS AND 
ROTARY MOWERS THE MOWER ITSELF 

* DOESN T BREAK. CHIP * REQUIRES VIRTUALLY NO. 
RUST OR CORRODE MAINTENANCE 

* SELF-SHARPENING AND = ABSORBS SHOCK 
SELF-BALANCING. 


SEND CHECK OR MONEY ORDER TO 
VENTURE MARKETING GROUP 
1132 N. BROOKHURST ST. 


ALLOW 30 DAYS FOR DELIVERY ANAHEIM, CA 92801 


+ ж + ж & PRESENTING + 4 + c 


CABLE TV 
EQUIPMENT 


якас STARRING. c 


, HAMLIN, 
AND OTHER FAMOUS MANUFACTURERS 


* ORDERS SHIPPED FROM STOCK WITHIN 24 HOURS 
FOR FREE CATALOG ONLY 1-800-345-8927 
FOR ALL INFORMATION 1-818-716-5914 


PACIFIC CABLE CO. INC. 
7325 12 RESEDA BLVD DEPT 1441 
RESEDA, CA 91335 


= 


SINGERS! yori Bost Bands! 


The Thompson Vocal 
песо БС DA 7 бшед 5 Е 
rH Music supply Supply of 


Professionally, yet connects easily to home component 
stereo. Manufactured and Sold phy Some E 


ti 
Free Brochure & Demo Record, С 

(7981 LT Parkway, Litho: 30058 

24 Hr. ПАЧЕ 


MOLDS = 


for making Ornamental 
Concrete Items 


Book about Aluminum Molds 
including over 425 designs, 
prices and production trade 
secrets from the world's 
largest mold manufacturer. 


CONCRETE MACHINERY CO., 
Р.О. Box S99, Hickory, NC 28603 


CABLE TV 
DESCRAMBLER LIQUIDATION! 


* Major Makes & Models! 
Will match or beat anyone’s prices! 
Dealer discounts at 5 units! 
* Examples: 
HAMLIN COMBOS . $44 ea. (Min. 5) 
OAK ADD/ON $40 ea. (Min. 5) 
$60 ea. (Min, 5) 


WEST COAST ELECTRONICS 
For Information: 818-709-1758 
Catalogs & Orders: 800-628-9656 


Your Business Card 
or Favorite Color Photo 
Reproduced on 11 oz. Mug! 


Photo Mug - Full 
color from any 
photo up to 5 x 7 
hoto returned with 
order. $13.95 * 
$2.50 P & H. 
Business Card Mug 
-~ Grey print on 
white mug. Send 
clean, uncreased 
Detail Never сага $12.95 + $2.50 
Before Available £ & н. Dishwasher 
& microwave safe. 
CO res. add 6.3% sales tax. Send check, 
M.O., Visa/MC. UPS address only. Custom 
Creations, 2970 13th St., Boulder, CO 80304. 
> 


(Pics aae rode posae and handing Aw aut 4 wee Goby) 


|. Popular Science index ! 
1. Box 2461, West Chester, Pa. 18380. П 
| Enclosed is nk (check or money order) Please send: | 
1 '85 2784 С783 0782 С781 І 
I OS DT Dre DT OTORUN UT Dra | 
| ($1.75 each) DAI 17 indexes (1972:1988) fr $17 Five indexes SS. | 
Áo 
| Address. П 
а | 
| State 1 
П] 1 


YOU SAW IT IN 
POPULAR SCIENCE 
—BUT WHEN? 


AMAZING | 1791b fying machine 
‘CLIMBS to 10,000 feet NO LICENSE 
Fequired MO WINQS or Helicopter blades 
кеу көбүрө er! ‘SAFEST, Easi- 


І 
E | at no charge. 
І 


TECHNICAL 


Discover hundreds of unusual, high-quality techni- 
cal books that you'll NEVER see in any book store! 
Both newly written & reprints of rare old books! Your 
satisfaction guaranteed! Here are just a few— 


CHARCOAL FOUNDRY 

Вш a furnace from a five gallon pail that can melt 
aluminum, pot metal and brass using grocery-store 
charcoal. Cast machine 


BUILD A METAL LATHE 

Build a precision 7" metal cutting lathe without the 
need of precision tools! Cuts to 1/1000". It's true! 
Prototype cost about $50! Definitely not a toy! De- 
tailed paperback! Best seller! Order a сору! 

Book 177 $7.95 


BLACKSMITH SHOP & IRON FORGING 
From 1906! Complete text on forging of tron with 
hammer and anvil. Make bolts, tools, even steam 
engine repairs! Details on all tools and procedures. 
Great illustrations. Order a copy! 

Book 4074 $6.50 


ADVANCED MACHINE WORK 
Learn the secrets of a master machinist. This 800 


eite, bronze Cushing, twiet drile, mandrels, worm 
keyways, taps and much more! Loaded with 
hardcover 


ffustrations. Dynamite 
Book 4236 $25.95 


RUN THREE PHASE MOTORS ON SINGLE PHASE 
Three different proven methods in use since the turn. 
of the century. All details. Best-selling booklet. 

Booklet 81 $3.00 


STEAM ENGINE DESIGN 

's formulas and diagrams from 1896! De- 
sign an engine to meet your needs. Rare infol 
Book 4104 $9.95 


back to the early 1800's. Rare reference material! 
$4.95 


Book 20170 


Lud y r beginners... Unusual! [7 
$8.95 к 
спа тас тапу others. 


CATALOG! 


Write for} 


ramar PUBLICATIONS 

PO Box 12-ESE, Bradley IL 60915 | 
‘Send the books I've marked. A check, money 
order, or my Mastercard/Visa card numbers 
are enclosed in payment. And send a catalog 


L] Send just a copy of your 96 page catalog, A І 
| same 1 


Er | 


City. St— Zip. 
mu — uu oo um Uum "m a 


NOW! Get in on the 
ЖШ \ 


REPAIR! 


Work part time, full time— 
right at home— we help 
you every step of the way. 


No doubt about it... as а small engine pro, you can cash 
in on the huge demand for qualified men in one of Amer- 
icg's fastest growing industries. You'll be able to command 
top hourly rates of from $25.00 to $30.00 per hour — and 
that's just for labor. A simple tune-up earns as much as 
$49.95 for less than an hours work, and parts, engines 
and accessories will add even more to the profits. 
Plenty of business waiting for qualified men. 


65,000,000 Small Engines Are In Use Today! 
That's the official count from the Engine Service Assn., 
and one-million new engines are being built each month 
With fully accredited Foley-Belsaw training. you can soon 
have the skills and knowledge to make top money ser- 
vicing these engines. People will seek you out and pay 
you well to service their lawnmowers, tillers, edgers, 
power rakes. garden tractors, chain saws, minibikes, 
snowmobiles, generators, go-carts. paint sprayers, 
snowblowers . . . the list is almost endless 


Professional Tools and Equipment, PLUS 4 Н.Р. Engine 
ALL YOURS TO KEEP... All at No Extra Cost. 
NO EXPERIENCE NECESSARY! 

You don't need to be а ‘born mechanic’ or have any prior 
experience. You can master this profitable trade right at home 
in your sparetime. Lessons are fully illustrated...so clear you 
can't go wrong, and with our famous ‘learn-by-doing’ method 
you get practical ‘hands-on’ experience. We also show you 
how to get business, what to charge, where to get supplies 
wholesale...all the inside tricks of the trade you need to 
assure success right from the start. 


Send for FREE Facts — Do It TODAY! 
NO Obligation - NO Salesman Calls! 
You risk nothing Бу accepting this offer to see how 
easily you can learn the skills vou need to increase 
your income in a high-profit business of your own. 
Just fill in and тай coupon’ below (or send postcard 
with name and address) to receive full information 


by return mail. 
RUSH COUPON TODAY FREE 
Foley-Belsaw Institute BOOKLET! 
Dep. 51601 Sand tor your 
Kansas City, Mo. 64120 Е ни нит 
-——— mm ——— m | 
н FOLEY-BELSAW INSTITUTE ДТВ) 1 
ЕЗ 1 


Н C] YES, please send me the FREE booklet that gies р I 
M їшї details about starting my own business in mai В 

IE Engine Repair. | understand there is No Obligation and g 
І that No Salesman will call оп me. 


В NAME 


L| 
I 
I I 
"шн 

I 
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“war injuries left т 
badly handicapped, But 
now I'ma financial succes 
as a Locksmith, thanks to 
your training. Besides, the 
Work is fascinating, If | са! 
do it anybody can. 


Glen Johnson, Larned, K an. 


Make Up to $26.00 an Hour — even while learning! 
Train 


= Be a LOCKSMITH! 


f you enjoy fixing things, you're a "natural" enable you to get your share of this n: 
profitable business. Hundreds we've 
are doing it. So can YOU. 


о make hundreds of EXTRA DOLLARS a 
MAIL COUPON to discover how Locksmith- 


ear in the fascinating business of Lock- 

smithing. Rising crime has increased de- 
ing can keep the extra money coming in dur- 
ing spare time — ог in your own full-time 


nand for service a thousandfold. Yet there's 
›п!у one Locksmith for every 17,000 people! 
business. Ideal for retirement—good jobs, too. 


SOLLECT CASH PROFITS ALMOST AT ONCE! 
You're "in business" ready to make $10 to $26.00 
an hour a few days after you begin Foley- 


Belsaw's shortcut хет Easy illustrated les- 
sons complete with ALL practice equipment 
PLU: 


N. Hunt, Wilmington, Del.—"! make $50 а 
week extra." 

R. Davis, St. Louis, Mo.—" cleared $110 last 
Saturday." 

Ed Boyle, Pittsburgh, Pa.—'"My business going 
at top speed. I'm moving to bigger EEDXIITZENXXESIOIDTET 


ALL TOOLS YOURS TO KEEP 

KEY MACHINE YOURS TO KEEP 
€ EXPERT PERSONAL ASSISTANCE 

H BUSINESS-BUILDING HELP 


AIL THIS 
FOLEY-BELSAW 


| МА THIS COUPON e NO SALESMAN WILL CALL | NO SALESMAN WILL CALL 


€» | 


A | Rush FI FREE book, “Keys to your Future.” 


THIS DO-ALL PRO 


KEY MACHINE YOURS 


Name. 


SIZES: 5-12 
WIDTHS: B-EEE 


FINE MENS’ 
SHOES 


Looks just like an ordinary shoe, 
except hidden inside is an innermold 
which increases your height almost 
two inches. Choose from a wide 
selection of ELEVATORS® including 
dress shoes, boots, sport shoes and 
casuals. Satisfaction guaranteed. 
Exceptionally comfortable. Call or 
write today for your FREE color 
catalog so you can look taller in no 
time. “MD. RESID. CALL 301-663-5111” 


TOLL FREE 1-800-343-3810 


Can add $50 


to $100 a week a Address. 
to your in- 
(to your In: 4 1 city 
doe: 
penny 


extra! 


State. 


[| 

[| 

Zip. Е 
ЕЗ 


RICHLEE SHOE COMPANY, DEPT. PS03 
P.O. Box 3566, Frederick, MD 21701 


Classified Opportunity Mart 


DESCRAMBLERS 


JERROLD $105.00 
TRIMODE $119.00 
HAMLIN $10200 
SCIENTIFIC- 
ATLANTA $140.00 
OAK M3SB $99.00 
ZENITH $18500 
MANY MORE... CALL OR WRITE FOR 
FREE FAST INFORMATION. 

YOUR BEST BUY'S & WARRANTIES 
FOR CABLE CONVERTERS AND 
DESCRAMBLERS START WITH A 
FREE CATALOG FROM: 


ZENITH SUPER 


COPY GUARD $59.95 
STARGATE... $99.00 


OMAHA, NE 68114 
ORDERS AND CATALOGS CALL 


TOLL FREE 
1-800-624-1150 
C.O.D 
RMATION PLEASE CALL 


К INFO! 
(402)554-0417 


NSSE OF THESE (AWS CHECK WITH YOUR LOCA. OFT CAL 


STOP JAMMIMG ME 
If you rent video tapes they're 
jamming you too. 

When playing back rented movies you will notice 
annoying flashes, streaks, jitters ect. This is caused 
by copy protection jamming embedded in the video] 
The Video-2010 will spot and completely eliminate 
Macrovision and all current copy protection and 

jamming giving you a crystal clear picture. 


Guaranteed eliminates all copy protection 
*Completely automatic no adjustments. 
*Digital state of the art. 

*Works on all TV's, VCR's, Beta, Cable. 


Order toll free 


1-800-624-1150 


Call or write for your free catalog 
402-554-0383 


875 So.72nd 
е. 68114 


Everquest Сог 


BARGAIN HEADQUARTERS! 


+ JERROLD -ZENITH - ТОСОМ - OAK 
-SCIENTIFIC ATLANTA - HAMLIN 
5 month warranty! We ship C.0.0.1 
Lowest retallwholesale prices! 
FREE CATALOG: 
Global Cable Network 
1032 Irving St. Suite 109. 
S.F., CA 94122 


ORDER TODAY! 800-327-8544 


AUTOMOBILES 


VAPOR Carburetor Triples MPG. Free 
Information, H&A, R2PS, Bowling Green, 
МО 63334. 


ALTERNATOR GEN! 
ing Bonk Price: eselund Engineering, Box 
26044, Las Vegas, NV 8912 


GOVERNMENT SEIZED VEHICLES 
LOW AS $100. Amazing Recorded Message 
Reveals Details! (708) 428-2335 Ext 206. 


FOREIGN & DOMESTIC 
AUTO & MOTORCYCLE PARTS 
BIG SAVINGS ON NEW & USED PARTS 
SAVINGS UP TO 50%. SPECIALIZING IN USED 
PARTS FOR DOMESTIC and FOREIGN AUTO- 


OTER: 
CARTS 38 4 WHEELERS AND POWER EQUIPMENT. 
COMPLETE COVERAGE. 
MONEY SAVING CATALOG BULLETIN $2.00. 
Save Time & Money Order Direct 
Motorcycle Parts 
Unbelievable Savings Slightly Used 4 Wheelers & Cycles 
International 


Consolidated 
At. 2 Вох 408 VAR, Covington, VA 24426 
= e 


(793) 962-3885 or (783) 965-9316 


REFRIGERATED AUTO BEVERAGE 
HOLDER Fits all vehicle air conditioning 
vents. Six dashboard colors. $5.98 each, 
2/$10.00 + $2.50 S&H. (Information $1.00). 
AUTO-BEV-FRIG, P.O. Box 8125 D-6, Van 
Nuys, CA 91409. 


GOVERNMENT SEIZED Vehicles (ron 
$100. Fords. Mercedes. Corvettes, Chevys| 
Surplus. Buyers Guide (1) 805-687-600( 
Ext. S-20025. 


CARBUREATOR ENHANCER. Ca 
double mileage, retain full power, Free de 
tails. Eagle Research, 1-800-663-4758, 
604-426-7229, 


POWER INVERTER UNIT - 12VD( 
into !!9425VAC. $249.95 to: USAEI, Bo: 
6396 Columbus, Georgia 31907. 30 Days 
Warranty. 

$225 DAILY “CHROME PLATING? 
Auto Parts, Motorcycles, inexpen| 


sive, у, (Free) information: Chrome, 
Box Waldorf, Maryland 20604. 


DRUG RAID SEIZURES! Buy Dirt 
Cheap. Mercedes, Fords, Porches, Van, 
puas Free Details: Seizures, Вох 43091 
West Covina, CA 91791. 


It True You Can Buy J 
ponis the U.S. Government? 
Call 1-708-742-1142 Ext. 4606. 4 


MONEY back guarantee listen to a рго- 
fessional buy any new car at or near cos! 
send $5.00 to: Colonial Publishing, Box 
1732, Williamsburg, VA 23187. 


GOVERNMENT Seizures! Dirt Cheap 
Bargains Galore! Autos... Vans.. Boats.. 
Computers... Houses! Write: Bargains, Box 
1305-PS, Seaford, NY 11783. 


GOVERNMENT Seized Vehicles! Mer, 

cedes... Cadillacs... Corvettes... Trucks..! 

s! Thousands Of Other Items! Cali: 
8-8846 - Ext 103. 


USED CAR RIP-OFFS EXPOSED! 
Handbook gives secrets to spotting lemons”. 
Guaranteed, $7.00. DAI, Box 122-C, De- 
marest, NJ 07627 


NEW, ULTI-ENGINE ROTARY! 80mpg, 
300hp!! Plans, Patent drawings $20.00. 1601 
West J, Oakdale, CA 95361. i 


SAVE HUNDREDS, MAYBE THOU- 
SANDS! Extend Your Саг Life - Amazing, 
Proven System. Recorded Message Gives 
Free Details. 919-779-0859 ext 105. 


Classified Opportunity Mart 


Reach 4.4 million readers every | month with an РТ їп Popular Sciences - 
Classified Opportunity Mart. May Issue Deadline (on sale April 10) is 
February 19. Rates: $10.50 per word. Min. ad 10 words. Darker type 
(Bold) words $1.00 per word extra. Display Classified: $585 per inch. 
Payment with order, or charge your Visa, MC, Amer. Exp, or 


" A 


Diners Club Account (give # & exp.) Advertisers using box number in 
ad must furnish name & street address for our records. Send order & 
remittance payable to POPULAR SCIENCE, Classified Dept. 6C, 2 Park 
Avenue, New York, NY 10016, 212-779-5000. For advertising informa- 
tion call 800-445-2714. 


AUTOMOBILE (Cont.) 


MAXIMIZE TIRE LIFE. Proven Techni- 
cal Information From Inside Industry. Send 
$4.95 To: P.O. Box 12037, KC, KS 66112. 


AUTO SUPPLIES & EQUIPMENT 


ENGINE OVERHAUL KITS: Wholesale 
Catalog $2.00. Engine Service Group, Dept. 
PS, Box 13053. Lansing, MI 48901. 

SLICK 50. $31/BEAT ANYONE. 
1-800-537-7932 (CA (408) 28-SLICK). B&J 
SPECIALTIES, Box 7783, San Jose, CA 
95150. , 


SOLAR CELLS 


I you want Solar Electricity atthe Very Best 
Prices, send$2 Refundable)forourcatalog 
©! New & Surplus Solar Electric panels, 
cells, inverters, controllers, books, and 


related technology for independent power. 
APPLIEDPHOTOVOLTAICS 
Box2773, Staunton. VA 24401 
"Bringing thecostof Solar Electricity down 
toeartn.” 


REFRIGERATE Without Electric! Gas 
refrigerators work Anywhere. Write: 
Lehman's, 411B, Kidron Ohio 44636-0041. 


page ТА. PERPETUAL Motion Puzzle Solved! Ex. 
Вох A, Shelburne, MA 01370 | citini rt; newsletter; catal x 

Самте ос: Вох ME С x 261P, Morton, WA 98556. 
PLASTIC PUZZLE WEIGHTS Fit To- 200 SUPPRESSED INVENTIONS! 

gether in pickup beds or car trunks for better | Amazing Catalog: $2.00 Rexco, Box 19250, 

ea tee EN on к Mas заан. Jean, 89019. 

ion. , Rt. 2, " ial, 

69035. n ARTS & CRAFTS 


SLICK 50, WE WILL BEAT ANY 
PRICE! U.S. AUTO-TECH, 1-800- 
227-5425. FREE CATALOGUE! 


LOCK OUT of your auto- 
le again, С Complete знн plans, 
6258, Traverse City, 


BETTER HEALTH 


HEAD COLDS 7 My Family, Friends and 
I have been using a method foi for years, that, 
stops head colds, even after it has started, in 
minutes, No medications or equipment. For 
instructions, send $10.95 to Colds, Р.О. Box 
1531, Опесо, FI. 34264 

FREE SAMPLE, Slim-Mate Chinese 
Herbal Tea. Lawson, Box 711-PS, Poteet, TX 
ссе 


Hand Lotion 402. bottle 
Кл тр! Box 3716, Farmington NM 


m to Protect Yourself from Electro- 
рев Radiation” Booklet $3.00. Anti- 
ition device $16.00. Kalos, Р.О. Box 

2716, Roseville, CA 95746. 


BOATS, IN/OUTBOARD MOTORS 


o EAT NITS_PLANS—_PATTERNG— 
FROM HUGE SELECTION— 
87076 Powerboats — Sailboats — 
Houseboats — Row! Hydroplanes 
Tunnelhulls — Duckboats — Canoes — 
Kayaks — Dinghies — SUPPLIES — 
Epoxies — Fiberglass — Foam — SEND 
FOR GIANT ILLUSTRATED CATALOG 
$3.00 ($5.00 airmail) —Book “Amateur 
Boatbuilding” $6.00—CLARKCRAFT 16- 


S Aqualane, Tonawanda NY 14150. 


Scott McCulloch parts... Е) 
Merrick Road, Lynbrook, New York 11563. 
(516) 599-3003. 


ALTERNATE ENERGY 


FREE ENERGY! Fuel-less Motors and 
Generators! H&A. R2EPS, Bowling Green, 
MO 63334. 


FREE HYDROGEN and OXYGEN from 


ALTERNATE Energy NdFeb magnet re- 

pels steel, Kit $10. Plans $200 Eeklinato, 
143K Edsall Rd., Alexandria, У 

“CONVERT 12VD.C, into DOE 
Build inverters using common, inexpensive 
pu iled, new booklet. Send 
95 tor Stan Freeman, 369. Zandeci, 
Chehalis, WA 98532. 


“GETTING Started In Stained Glass” 
$1.00. Whittemore, Box 2065X, Hanover, 
MA 02339. 


LIGHT TABLE easily built for $20.00. 


Great for tracing and paper cutting. De- 
tailed plans, $5.00. Monco, 435 Logan Court, 
King, NC 27021 

ASTRONAUTICS 


BUILD YOUR OWN| 
ROCKET MOTORS! 


На RUST! 
MATERIALS! 


POUNDS 
S FOR JUST PENNIES APIECE! 


ts her quickly Use 
ы et Modes 


feet Speeds to MACH 1? 
ме, and we'll send you a 
p 


Rer ARD feara sort уннн 
olor күчтем ll cum 
round your hows 


Webs torso y 


LARGE ROCKET Kits, Motors. $1.00. 
HSR, Box 5127, Reno, NV 89513. 


ROCKET MOTOR MAKING TOOLS 
and supplies Catalog $3.00, Impulse Reac- 
tions, 61342, Seattl 121. 


ЗО ANTIGRA METHODS! Amaz- 
ing Catalog: Send $2.00. Rexto, Box 19250, 
Jean, NV 89019. 


ALL TERRAIN VEHICLES 


BUY ONE AND WE'LL MAKE 
YOU AN EXCLUSIVE DEALER 


max 
6 wheel drive ATV 


passenger 
models 


Call Toll-Free 1-800-255-2511 


(From anywhere in the U.S. or Canada} 


Recreatives Industries, Inc 
60 Depot Street, Buffalo. 


Dorothy Ellis, Classified Advertising 


BUSINESS OPPORTUNITIES 
$1000's WEEKLY. Free information. 
Progress, Box 


Stamy туей 248, Los 
Ang SEN 


$280 DAILY -Installing wireless home 

security systems. Huge demand. Free re- 
rt SECURE - Box 1058-P3, Bellingham, 
JA 98227. 


MAILORDER OPPORTUNITY: Start 
profitable home business without experi- 
ence or capital. Free book. Mail Order 
ciates, Dept. 557, Montvale, NJ 07645. 


$1804 n Buy/sell cars (spare- 
time). Revealing proof! We COD DEX’ 507 507 
Oak Drive, 


Let The Government Finance your 
new or existing small business. Grants/loans 
to $500,000 yearly. Free recorded message: 
707-448-0270. (JG6) 


MAKE YOUR DREAM COME TRUE. 
EARN $60,000 YEARLY REPAIRING 
SMALL CRACKS IN WINDSHIELDS 
NOT REPLACING THEM. CALL TOLL 
FREE 1 OR WRITE: 
THE GLASS MECHANIX INC., 10170 
NW 47 St., Sun Rise, FL 3335 


TAKE PICTURES for profit. Camera 
Ventures, Box 771, Lamara, CO 81052. 


MILLIONAIRE Mailorder Expert Re- 
veals Money-Making Secrets. Free, exciting 
hour cassette. Melvyn Powers, No. Holly- 
wood, California 91 


IMPORT-EXPORT opportunity, profita- 
ble world-wide, mail order business from 
home, without. айа We ship plan for по 
risk examination. Experience бс 

Free Report. Mellingen. 

land Hills, California 9136 


$24,000 IN BACKYARD! Growing new 
specialty ри y plants, Start with $60, Free infor 
mation. Growers - Box 988-PS Friday Har- 
bor, WA 98250. 


HYDRAULIC JACK REPAIR MANU- 
AL AND CATALOG $10.00. HYDRAU- 
LIC PARTS SUPPLY, BOX 4157, 
BROWNSVILLE, TX 78523-4: 


HUNDREDS weekly easily. Assemble 
PROVEN products. Spare Time. No Experi- 
ence. Free information. IEC, Box 2227, "Si 
verdale, W n 


$225 DAILY “CHROME PLATING” 
Auto Parts, Motorcycles, inexpensive, easy, 
(FREE) information: Chrome, Box 2285, 
Waldorf, Maryland 20604. 

MAKE $7,000 monthly as Loan Broker 
without investment/experience. Financial, 
Box 3578-Y, Anaheim, CA 92803. 


RECYCLE METALS, NO, NOT BEE! 
CANS! Easy $458 weekly! Free informe 
tion, Hornsby’, Box 1214, Franklin, ТЇ 
065-121. 


$392.00 FROM Square Foot Plywoo 
Huge Demand! Revealing Proof $1.00 (Re 
fundable). Woodwins, Bridgewater, Mas 
02324-2299. 


SPARE time fortune in Vinyl Бера 
[uge creates exceptional profiti 
We supply everything. Details free. VIE 
2036 Montrose, Čhicago 60618. 


$15,000 MONTHLY Income! Easy Mor 
eymaking Plan. No Investment. McDowell 
Diamond E 


NEED MONEY? Free Grants, Signatur 
Loans, Business Loans. Write: Action # 7- 
Box 5499, Diamond Bar, CA 91765. 


DRUG RAID SEIZURES! Buy dir 
cheap. Cars, Houses, Boats, Computers, Fut 
niture. Free Details: Seizure Box 4309-YI) 
West Covina, CA 91791. 

‘A No-Nonsense Way to $. $1 
S.ASE. Richard Ст, РО. Box 65 
Bell Arthur, N.C. 27811 

$50,000.00 о ету selling informatio 
by catalog. Catalog $2.00 Success Box 46 


Louise 


DONT BE FOOLED BY IMITATIONS! 


parts catalog $2 
Money boc guarantee! Eam 51000990 yer 
POLI-VISION GIANT TV 
187 CYPRESS ST., THROOP PA 18512 


PROF! 
alize business cards, pencils, matches. F 
details, Gold, Р.О. Box 24986 (LLC), Тип 


#1 Making and seling colorful styrofoam letters $5 
#2 Fast paper signs and banners $5 

#3 Sandblasted signs and art $5 

#4 Electric signs $10 

#5 Neon channel letters $15 


SCREEN Print T-Shirts. Inexpensiv 
kits. Free Details. T-Printer, P.O. Box 2399 


portable. Free details. Bumper, P. 


simpl 
Box 22791 (LLC), Tampa, 


$500 WEEKLY mailing ads. Admailers 
Associates. Box 51063, Durham, NC 27717. 


$500 WEEKLY Possible Mailing Busi- 
ness Circulars. Two Loose Stamps Brings 
Details Nationwide, Box 522-P, New Haven, 
46774. 


В монду. каеп individuals 
lesirin ее! ofits operating 

mall Manufacturing Business Without In- 
uae write: er ымен, Box 9008, 
Baldwin N.Y. 11510-9008. 


PIANO TUNING PAYS: Learn with 3 
proved home study course, Diploma granted 
American Tuning School fer 

Hill, CA 9503 

RECONDITION BATTERIES. Easily 
Earn Hundreds Weekly. Untold Secrets. 
Free Information. Battery Outlet, Box 3300- 


cory, NC 28603. 


ооо MONTHLY Taking Photo- 
graphs at Home! Call recorded message: 
(303) 674-8155. 


INCOME DISCOVERY! Famous Ph] 
scientist reveals high-income discoverie 
anyone can use to achieve wealth. Fre 
Facts: “Stalwart Enterprises,” PO. Box ( 
Hadley, MA. 01035 

MAKE HOMEMADE BOOKLETS 
PVE EARNED $187,000 WITH MINE 
MONEY NEVER STOPS! Free inform: 
tion: Dasher, Р.О. Box 5320, Sevierville Т1 
37864. 


FORMICA! Repair Burned and Damage 
WITHOUT — REPLACI 
SENTI k, easy to $600/day. Chang 
countertop Colors WITHOUT REMODEI 
ING! Millions of apartments, homes pa 
profits immediately. Introductory est 
FREE! 206/256-9742. ie Vide 
tape $14. RENEW-ALL BOX 9900-SS, Var 
couver, WA 9866! 
$100,000 Income GUARANTEE) 
WORK at HOME. Simplest Ws 
Ever 100% PROVEN EFFECTIVE $9.9! 
Н. Hourani, Р.О. Box 112, Washington D 
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BUSINESS OPP. (Cont) 


ADVERTISE FREE in 21,300 
Publications/Broadcasts. $5.95: Directory, 
Box 14107DB, Jackson, MS 39236. 


MAKE $100,000/yr AS A BUILDER 
buy “Big Profits From Residential Contrac- 
ting” and “House building Simplified” 
$12.95 each $1.50 p/h. ЧЕТСО, ух 45- 
Р, Нагтопу, В1 02829. 


$97,500 YEARLY “hidden” in your com- 
uter? Yes! (Free) report: Simpson. 771 PS, 
atle Ground, Washington 98604-0771. 


$40,000 ON 1» ACRE! New ‘hydroponics 
- inexpensive, pleasant, practical! Free infor- 
mation. Planters, Box 1214, Franklin, TN 
37065-1214. 


MAKE THOUSANDS GUARANTEED 
MONEY MAKER Free Details. Financial 
Planners, 225 Dawn Isle, Las Vegas, МУ 
89128. 


EARNINGS Unlimited! Mail Our Bur- 
ak Alarm sements From Home! 
3M Merchandising, Box 59314, Chicago, 


EARN THOUSANDS RISK FREE. 
Eum 2 deum Details. Box 1402, Round 


BUSINESS OPPORTUNITIES, Details 
$3.00 (SASE), S.L.D. Enterprises, P.O. Вох 
1503, Eugene, OR 97401. 


AT LAST 
A "NO-NONSENSE" WAY TO $500 A 
DAY Exciting Income Discovery Cre- 
ates The "Ultimate" Home Business 
camber! of the Decade! Details 
Free ... ) RB, Woods Associates, 2002 
Linden L5 King Of Prussia PA 1 


AMAZING rtunities Can me You 
Rich! Send $1 to: AmeriCorp, Box 1108-PS1, 
Westmont, IL 6055! 


rays to make money at home PLUS 65 

uy a business with little or nothing 

down, Bock $1500. Homework, РО. Bos 
5913, Wilm., DE. 19808. 


MAKE BIG MONEY REPAIRING 
WINDSHIELDS AND plate glass! Up to 
$75,000 yearly! Call TOI TOLL: BUSA & 
CANADA: 1-800-321-2597 for xh 
demonstration video and FREE report. 
Gl Systems, Box 5755 CX3, 

OR 97708. 


GET PAID for reading magazines! Free 
report. Johnson, Enterprises, Dept. PS003, 
98 Sandi Marlboro, MA 01752. 


ALUI =] a SCRAR= RESUE Yourself 
—MAKE UP TO $25.00/POUND! FREE 
Information: Industrial - PS03, Box 127, Al- 
exandria Bay, New York, 13607. 


$1000's MONTHLY Spare Time, Partic- 
ipating in Government Program. Compl lete 
'orms and Manual: $5.00 (Details: sh 00). 
Fu чарна), Box 2351, Lubbock, TX 


ENTER lucrative, respected field of resi- 
dential REAL ESTATE APPRAISAL! 
Course materials include detailed instruc- 
tions, sample appraisal, forms. Includes fee 

hhlet, “How To Get Business” $19.95. 
PEPPERTREE, Box 3085, Ventura, CA 


$115,000 ANNUAL PROFITS in the 
car business. Part time - No experience - 
Guaranteed success! Recorded message re- 
veals FREE information. Call now. (805) 
545-8400. 


PIANO Tuning Academy, 12717S Ger- 
mainia, Alexander, AR 72002. Profitable, 
Master. Visa. 


20,000 GARDEN CORP! GROWN 
GINSENG Sell $60 pound Simple Start-Up. 
Leelands, 5712-PS Cooper Rd., Indi- 
anapolis, IN 46208. 


READ BOOKS for pay! $100 a title. 
Write: PASE - JL8, 161 аА, North 
60542. 


Aurora, IL 


РС Owners Make Bij 


Money With Your 
Computer. $15.00 R.S. 
Fairfax VA 22033 


interprises Р.О. 1004 


FREON RECOVERY MACHINI 
Automotive and domestic. PLANS ONLY. 
Send $19.95 to: M&N Enterprises, Box 58, 
Procter В.С. Canada VOG 1V0 


RARE COIN prices escalate. Wall Street, 
Japanese enter market. Experienced bro- 
kerage firm's rare coin selections ap em 
ing 30-40% annually. Tax Free. Hi, 
cessful MLM since 1986. Information- 
Cassette $2.00, Distributorship, $12.00. 
HJC, Box 780592, Dallas, TX 753 


555$ FOR AN INCREDIBLE BUSNES 
OPPORTUNITY See AUDIO INNOV/ 
TIONS in the HOME ‘CRAFTSMAN SEC- 
TION 


MAKE $50hr working evenings or 
weekends in your own electronics busi- 
ness. Send for free facts. SUMMIT, PS, Box 
489, Bronx, NY 10465. 


BE WEALTHY! Easy Successful Home 
Businesses. Free Complete Information Kit. 
Write Now! Douglas Publishing, 1002G 
Camille, Longview, TX 75605. 


МАКЕ $$$$$ AT HOME. Several P! 
Free Information. Send SASE. Box Hs PS, 


‘Tillamook, Oregon 97141. 

WHOLESALE ANY QUANTITY, CAR- 
[AMP TO 
INFORMATION RE- 
GARDING HUNDREDS OF PRODUCTS 
GUARANTEED TO YOUR FAMILY'S 
SATISFACTION? DICK CAYOT, DEI 
PS. 3810 2nd Ave., DES. MOINES, 
IOWA 50313-3504, 515-243-7893. 


$100,000 OPPORTUNITY. I EA 
teed! Send business SASE: DM Co., (PS), 
Box 537, Walla Walla, WA 


Box 537, Walla Walla, WA 99862. _ 

BUSINESS SECRETS revealed by suc- 
cessful entrepreneurs. Send $4.95. GRQ, 
P.O.BOX 11. , NY 11743-0640 


RETS. Low cost refining. Ini- 
tial information $15.00 (refundable). Sase. 
ARCADORAMA, 6307 Handsome Lake 
Drive, San Antonio, TX 78238. 


GET PAID for mailing letters! Write: 
PAASE-SRS, 161 Lincolnway, North Au- 
rora, IL 60542. 


BECOME A REAL ESTATE AP- 
PRAISER. $100,000 Plus Potential. Home 
Study. Earn Professional Certification. Free 
Literature. 800-223-4542 Dept. RC1 


OUR COMMODITIES SYSTEM: 23 
straight years of verifiable profits! 
‘Transitco, 117 W Harrison, Suite T-276 (V), 
Chicago, "i: 60005. 

TO MARKET YOUR NEW 
PRODUCT! Invest $5.95 in newsletter! 
ABZ Enterprises, 1102 Kensington Avenue 
#606, Dept. P, Buffalo, NY 14215. 

SAVE MONEY & TIME - Get Every Free 
Offer In This Magazine! Send $2.00 Now! 
YourCause, 702 Washington Street, #42В, 
Marina del Rey, CA 90292. 


MAIL ORDER, AMERICA'S HOT- 
TEST BUSINESS! HOW TO GET STAR- 
TED! A SMALL INVESTMENT REAPS 
BIG PROFITS! SEND 35.00 
TO LAKEVIEW ENTERPRISE, 1900 
LAKEVIEW DRIVE, HAMPTON VA 
23666. GUARANTEED! 


‘TAKE Catalog Orders. We drop-ship 2955 
best-selling speciality products. Lowest be- 
low wholesale prices. Immediate delivery. 
Spectacular home business opportunity 
Free Book. SMC 9401 De Soto Ave., Dept. 
28-14, Chatsworth, CA 91311-4991. 


NEW! GROW EXPENSIVE PLANTS. 
SELL FOR 2,000% PROFIT. Free infor- 
mation. GROWBIZ, Box 306-53. Seminary, 
MS39479. 


CONSUMER watch group reveals mail 
scams. Save $1005 Sase $3.00. PRCG 2442 
NW Market Ste. 425, Seattle, WA 98107. 


SAVE $$$. Your name sent to all free 

opportunities in current Popular Science, 

Mechanix, lar Mechanics. 

$2.00, Business Services, Box 118 PSI, Mon- 
ticello, КҮ 42633. 


BOOKS & MAGAZINES 


IF ENGINES ARE YOUR 
HOBBY, LIVE STEAM IS 
YOUR MAGAZINE 


Live Steam has everything you 
want to know about steam 


engines and working scale 
models—trains, boats, tractors, 
stationary. $27 a year check or 
charge card. Live Steam, Dept. 
A19, Box 629, Traverse City, MI 
49685. Or call 800-447-7367. 


TAP THE POWER OF KNOWLEDGE. 


Make а real difference in your life. Read 
some or all of this super series of 160 book- 
lets. Written by experts. Wide range of sub- 


jects. Low as 25 cents each. Мот 
guarantee. Send $2.00 for list of titles and 


THEORY of Consci euro- 
biological), explained in accessible 
language. A must for anybody interested in 
the mind and the latest frontiers of science. 
Send $25.00, check or M.O. to Meta Mind, 
Inc., TCN-PS1, Suite #593, 60 Skiff Street, 
Hamden, CT 06517. In CT add 8% sales tax. 


AVIATION 
HOBBY HELICOPTER. Ultralight sin- 
le seater. Simplified construction— 


cle engine. Brochure $5.00 POLY- 
Nova Dept. PS, Saint-Remi, Quebec, Cana- 


HELICOPTER 
KITS! 


da JOL 2L0. 


10w- 
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Credit cord ‘order line: 1-301-583-6366 


MEET MANX 


YOUR PERSONAL FLYING MACHINE 


Finally, an inexpensive homebuit helicopter. that makes 

feas Forget Qe vef you know about conventional 

Coplers. We have re-written the book on helicopter design, 

The MANX” co-axal helicopter needs no tail rotor because it 

produces no tora. Twn counter rotating rotors prove fail- 
Sl fov nd айн t vi nica тшк 


Moshier Technol 
EE Moe 


ROBOTIC AIRCRAFT - UAV/RPV, Ae- 
zial Videaiphoto, +, economical solutions. 
$2.00 - Chaj ration, Sierra Madre, 
CA 91 dotes 


LEARN FLYING - CHEAP. Professional 
Flight Instructor teaches how $7.95 

1. . Grand Valley Aviation P.O. 
5018 Driggs ID 83422. Satisfaction Guaran- 


400,000 BARGAINS Below Whol: 
Many Free! Liquidations Closeouts!..J 
Lots. Single Samples. Free details. Worl 
wide Bargainhunters, Box 1409-B, Holl 
MI 49422. 


COMPUTERS 


BUILD your own Macintosh and say 
50%. New book shows how. Free ini 
Brants, Вох 68708, Portland, OR 97268. 


FREE TRIAL IBM-PC memory reside 
speller, like DICTIONARY, $29. For trial] 
send $2.00. SpellRite, 5656 East 36th, 
son, AZ 85711. 


FREE Programs!! IBMpc's/Applel 
TRS80s/Commodores. EZRAEZRA, B 
5222SMR, San Diego, CA 92105. 


MORTGAGE CALCULATOR. Use 
Lotus. “ify XT, AT, 5 1/4", 3 1/27, $5. $9.1 
Cole, РО Box 641, Dracut, MA 01826. 


HOW То Manipulate Computers of Gia 
Corporations Legally $5.00. СІМР, 143 
Grandville, Detroit, Michigan 48223, 


FREE SOFTWARE for IBM and com, 
ible computers! Info. $1.00. Blue Chip En, 


neering, Dept. 17, P.O. Box 1100, Walnu| 
СА 91789. 
COMPUTER PROGRAMMING. Mal 


big money writing custom programs f 
businesses. Send $14.95 for disketts, pr 
gram samples, and manual. Espi-tec. 
10643 54th Street, Mira Loma, CA 9175 


TAXES 1040 With Attachments 
LOTUS, $25.00. TAXBEATER, 1556 He; 
Forse St., Simsbury, CT 06070, (2C: 


PROFITABLE 
CRAWLERS and worm castings. Sim) 
home system! 414- A 2665 Unco 7802-] 
Oldspring, Racine, WI 53406. 


EDUCATION & INSTRUCTION 


PARALEGAL CAREER? L 
SCHOOL? Get ahead with new audi 
ocassette course by prominent attorne| 
Learn exciting personal injury field in ti 
hours. Free details, FINN, Suite S, 940 Nol 
th, Waukegan, IL 60085. 


TERMPAPER assistance. 16,278 topi: 
available! 306-page catalog—rush $2.00. 
SED e ui #206КТ, Los Angek 
9002 FREE HOTLI 
800- sla 0223 Сайт: 213-477-8226), 


TY DEGREES WITHOU: 
CLASSES. BACHELOR'S, MAS" 
DOCTORATES, ACCREDI 
PENSIVE, 

TION. DR. JOHN 
PS, BENICIA, CA 94510. 


PARALEGAL GRADED CURRICI 
LUM. Approved in-depth training by co 
spondence. BLACKSTONE SCHOOL 
LAW: 100 years of legal training, Write f 
free catalog. P.O. Box 790906, Dept. PS, Da| 
las, TX 75379. 


HIGH SCHOOL at home, diplo 
awarded. Low monthly payments. 
classes, information free. Phone fre| 
1-800-228-5600, or write: Amercian Schoo} 
Dept, #347, 850 E, 58th St, Chicago, Ц 


BOOMERANGS..INCREDIBLE RE- 
TURNS! Jun DACH Tun рес кы Free 
Illustrated Catalog. 
angMan, 1806-2 х 3rd, Monroe, cm 
71201-4222. 


WORLD WIDE COLLEGE OF 
TIONEERING, INC. Since 1933. Te 
Soon. Free Catalog COL. Gordon E. ‘Taylo} 
Box 949, Dept. 3 Mason City, ІА 5040) 
515/423-5242. 


AIRBOATS - Hovercraft Supplies. Plans, 
Kits Propellers, Engines. Catalog. $3.00. 
Sportscraft, Вох 6408, Meeker, Oklahoma 
74855. 


Homebuilt 
Еа HELICOPTERS 


5 Models 
‘avaiable 


You Can Build for Under *900 
Verica Take ad Landing 29, 
Hover Flight; No License Required. 
INFORMATION PACK $8.08, 
rem шк Paus ene 


Box 391-8 
[$] BW ROTOR CO, ING. тонла, KS 87144 


BUY IT WHOLESALE 


CLOSEOUTS! Wholesale! Overruns! 
Freebies! Information (stamp: DDN, Box 
20152-G, Ferndale, Michigan 48220. 


PARAPSYCHOLOGY Course. Diplom! 
Universal Esoteric (Dept. PS), Box 59219: 
FLA 33159. 


UNIVERSITY DEGREES Withou| 
Classes! Accredited Bachelor's, Master’ 
Doctorates. Free Revealing Facts! Thorsoi 
PS3, Box 470886, Tulsa, OK 74147. 


IMPROVE YOUR CHILD'S EDUC, 
TION Send business SASE: Quetzal Co| 
(PS), Box 537, Walla Walla, WA 99362. 


BE A RECORDING ENGINEER: Traii 
at home for High Paying—Exciting Сагеет 
FREE Information AUDIO INSTITUTI 
2174 Union St. Suite 22M San Franci: 
CA94123 


SUPERMUSIC. Two amazing modific 
tions enable you to read/write music withou| 


da M9B 6E3. 
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EDUCATION & INSTRUC. (Cont) 


RALEGAL. Work with 
torneys. Lawyer instructed home study. 
merica’s finest program. Free literature. 
00-23-4542 Dept. LC109. 


“SCHOOL OF HARD KNOCKS" collegi- 

e rear window decal 2"x15" $7.65 to: Truth 
опсерія, P.O. Вох Е. Aurora, NY 
4052-780. 


REGISTERED PATENT ATTORNEY 
1-800-876-6670 PATENT SEARCHES, 
FREE INFORMATION. 


INVENTORS! Can you patent and profit 
from your idea? Call or write for your free 
information package. Over a decade of ser- 
vice. AMERICAN INVENTORS CORPO- 
RATION. 82 Broad Street, Dept. PS. West- 
field Massachusetts, 01086, 1-800-338-5656. 
In Canada call (413) 568-3753. 


SUPERLEARNING! Triple learning 
eed through music! Develop Supermemo- 
г, control stress. Fi К excerpt & cat- 
log. Superlearning, 450-PS3, Seventh Ave- 
we, NYC 10123. 


ELECTRONIC SUPPLIES 


SURPLUS Electronics. 72 page catalo 
2, Surplus (PS), Box 276, Alburg, 


HEIDE INFORMATION 


HOME assembly. Electronics, Automo- 
ve, crafts, typing, sewing. Apply Now! 
13) 281-8111 

Easy Work! Excellent Pay! Assemble 


roducts At Home. Call 504-641-8003 Ext. 
168. 


OVERSEAS..$30,000 - $75,000+ Free 
eport! Employment, Box 19760-FC, Indi- 
napolis, IN 46219. 

FRI *POSTAL JOBS: Insider Secrets 
or Getting Hired Fast!" (318) -235-0275, 24 
urs, CPC, Box 2289-PS3, Lafayette, LA 


JOBS, Any State, Any Occupation, in- 
uding Government, State, Public. Also 


ruiseships, Tu , Riverboats, Oil- 
gs. Women- отк month- Home 
onth. U.S.A. plus Overseas. Information 


5.00. Nationwide Employment, B223 Cen- 
al, Indiana 47110. 


ENGINES & MOTORS 


SMALL ENGINES "GALORE". Free 
iscount Price Booklet. Engines, Box 166 
shland, MO 65010. 


FINANCIAL 


DEBTS? wo BAD CREDIT? No 
oblem! We'll help now. Applications ac- 
iud $500-$50,000, Not а loan compa- 

: TCAC, Dept. PS. 400 Century 
e South #117, Birmingham, Alabama 
'6 or call (205) 979-1400. 


MONEY AVAILABLE! Ist And 2nd Mort- 

ges, Business And Personal Loans, Credit 
areds, Grants, Regardless Of Past Credit 
istory. Check Us Out With The Better 
usinéss Bureau, Lancaster, PA. We Want 
our Business, 717-531-1025, Ext. 114. 


CREDIT PROBLEMS? Fix them your- 
Get loans, credit cards and top Me 
Con- 


. Infoserve, Box 71 


FACTS ON CREDIT life and disability 
surance. $2.00, Sase. Consumer Advo- 


HATE BALANCING YOUR CHECK- 
OOK? Little-known methods to make 
yur job easier. Free details. Send Self- 
ddressed, Stamped Envelope to: EASY- 
ALANCE, Box 681714, Houston, TX 
7268. 

UNSECURED CASH LOANS! Visa 
jastercards plus more! Fast, easy proven 
ethod. Any amount, purpose. E-Z payback 
an! Credit по problem. Call 24 hrs: (714) 
10-1044: Express. 4521 Campus 
286R, Irvine. CA 92 


FOR INVENTORS 


PATENT AND DEVELOP Your Inven- 
on, Registered Patent Agent and Licensed 
rofessional Engineer. Send for FREE PAT- 
NT INFORMATION Every Inventor 
поша Have. Richard L. Miller, 12 Parkside 
rive, Suite-N, Dix Hills, NY 11746. (516) 
39-4343. 


INVENTORS! Confused? Need Hel) 
Шүкүрү үбүн 
S/Canada 1-800-225-5800. 


FREE help for inventors! No charge for 
otection forms or consultation. Affiliated 
iventors Foundation, 2132-1 Bijou, Colora- 
› Springs, CO 80909, or Toll Free 
800-525-5885. 


INVENTORS: Call TLCI for free infor- 
ation 1-800-468-7200 24 hoursiday — 
SA/Cana 


INVENTORS Your first step is impor- 
tant. For free advice, call ADVANCED PAT- 
ENT SERVICES, Washington, DC, 
800-458-0352. 


REGISTERED PATENT ATTORNEY. 
D.A. Kettlestrings, 414 Нш EU Де, 
Rockville, Maryland 0850 
1-800-748-6216. 


PATENT IT ECONOMICALLY! Free 
details. Licensed since 1958. Rainer Associ- 
ates, 2008 Fondulac, Richmond, VA 23229. 


DEAL DIRECT WITH 
REGISTERED PATENT ATTORNEY 


Patent and develop your idea with the 
experience of an expert. Call or write for free 


Overseas production, p: 
‘and research readily avaliable. 
INDUSTRY 


Also spec 
copyrights a 
Less than 1 hr from 
US Patent Office 
CALL TOLL FREE 1-800-442-2728 
AEL I. KROLL 


ATI „75! 
IN STILWELL LANE, SYOSSET, NY 1791 


HELP revive Edison type, Menlo-Park 
style, Invention Laboratory. 1-314- 
15-9390. 


INVENTORS: If you have an invention 
or sale or license, write for free booklet 
explaining how we can help you. Kessler 
Sales Corp, C-7-Fl, Fremont, Ohio 43420 


INVENTORS! Why Gamble? Learn How 
We Patented And Marketed Our Inventions, 
Plus Your Royalty Rate Computation 
$20.00. Speciality Sports Products, PO. Box 
229, Copperhill, TN 37317. 


CABLE EQUIPMENT 


CABLE TV 
“BOXES” 


Converters—Descramblers 
Remote Controls—Accessories 
* Guaranteed Best Prices * 
* 1 Year Warranty—C.O.D.'s * 
* immediate Shipping * 

* FREE CATALOG * 

Cail or Write 
TRANS-WORLD CABLE CO. 
12062 Southwest 117th Court, Suite 126 
Miami, Florida 33186 


тет 1-800-442-9333 
EL 


CABLE RENTERS 
STOP! 


If you are currently renting your cable equip- 
ment it's time to look into owning your own. 
You can save up to $100 plus every year. We 


carry all the major brands of Converters 
Remote controls and Descramblers. 
JERROLD, OAK, EAGLE, HAMLIN, 

ZEANITH SCIENTIFIC ATLANTA 

Many more. Fast courteous service 

Call today 512-250-8816 or write for 
your free catalog. 


Toll Free 1-800-228-7404 


4 Balcones W 


Austin, T 


CABLE TV BOXES We sell only the best 
low prices, we ship COD. Free Brochure. Ace 
Products PO Box aod. Dept. S, Saco, ME 
04072, 1-800-234-0726. 


CABLE TV 
Descrambler 


funit 10+ 

Jerrold S.B. $74 $55 

ama TO de 
Oak N-12 

Scientific 

Pioneer 

Panasonic converter. $98 

73 channel converter $79 


We Beat Anyone's Price 
30 Days Money Back Guaranty 
Free Catalog 
Visa/Mc COD Money Order 
US Cable TV Inc. 

Dept. KAC 


4100 N. Powerline Rd., Suite F-4 
Pompano Beach, FL 33073 


1-800-445-9285 


No Florida Sales! 
It's not the intent of US Cable TV 
Inc.to defraud any pay TV operator 
and we will notassist any company; 


or individual in doing so. 


CABLE TV SECRETS—the outlaw p 
lication the cable companies tried to 
HBO, Movie Channel, Showtime De- 
scramblers, Converters, etc. Suppliers list 
included. $8.95. Cable Facts, Box 711-PS, 
Pataskala, OH 43062. 


CABLE T.V. CONVERTERS Jerrold, 
Oak, Scientific Atlantic, Zenith, & many 
others. "New" MTS stereo add-on: mute & 
volume. Ideal for 400 & 450 owners! 
1-800-826-7623. B&B INC. 4030 Beau- 
D-Rue Drive, Eagan, MN 55122. 


CABLE TV Converters - Descramblers 
Discount Center Jerrold, Tocom, Hamlin, 
Scientific Atlanta, Zenith. Order Yours To- 
day! 800-962-6836. 


CLASSIC CARS 
BATTERY MASTER SWITCH 


Disconnects all electrical circuits with 
a simple turn of the knob. Attaches 
to battery in minutes. Heavy duty. 
Suitable for 12 or 24 volt batteries. 
Eliminates battery drain, prevents 
electrical fires, provides emergency 
cut-off. 

Remove knob to stop theft and un- 
authorized operation. 


$12.95 each postpaid 
Add $1 for side post adapter 
BATHURST, INC. 
Box 27-PS, Tyrone, PA 16686 
814-684-2603 


Quantity discounts—12 units or more. 


Hemmings 
Motor News 


Oret 750 papes cach month fle! with 


MINE GUAT ISSLES 


oe | 


SEND TO: 
Hemmings Motor News 


BOX 100, DEPT. 0717, BENNINGTON, VERMONT 


CBRADIOS 
ICE—FIRE SCANNERS, CB' 


POLI 
MARINE 2-WAY, ANTENNAS, HPR, 
BOX 19224PS, DENVER, CO 80219. 


DOGS 


ANY Dod 
IN MINUTES? 


асіна, Dig 


AMERICAN FIELD, TIME. GUIDE, HUNTING 
DOG. WALL STREET JOURNAL and others worldwide. 
A scienca engineer breakthrough! А set of unique. 
tog sound makers that condition dogs incredibly 
fast. Small. Used from the palm ol the hand. Neat | 
hypnotic conto even at a distanco. No leash | 
needed. Novices become experts. This new | 
discovery is a learning sound catalyst that teaches. | 
direct to the dog's mind. Renders bodily paintraining 
obsolete. Safer. Kind, Yel, more powerful! Dogs 
simply don't fight it. Tunes makes them w 

to please you. Unequaled loyalty-bonding. Si 
instruments and system (the Ог. Miller patents) 
dispensed by veterinarians for dog behavior, Now, 
thousands of satisfied users in U.S. & foreign lands, 


From $25 to $175 4 
DOG-MASTER SYSTEMS 


430 Wilshire, Box 1250, Agoura Hills. CA 91901 
A Division of Environmental Research Labs, Copyright © 


DO-IT-YOURSELF 


SURVEILLANCE/COUNTERS 

VEILLANCE devices, investigative aida aids, 

саг srmoring, et. catalog, $3. Box 
PS, Redondo Beach, CA 90278. 


NEW HE NE 
LASER TUBES $35 


Dealer Inquiries Invited. 
Free Catalog ! 


MEREDITH INSTRUMENTS 
6403 N. 59th Ave. * Glendale, AZ 85301 • (602) 934-9387 
"The Source for Laser Surplus 


DON'T THROW AWAY THAT USED 
COPIER OR I apis 


Do Mf 
its easy SEO TEN : = 


MORACK. 
INCORPORATED. Order or information| 
| 9132 Wer Dr qose |2: 
FAK P) 596203 


| Pais has кю 
PLASMA 


Build SPECTACULAR PLASMA/ 
LIGHTNING LAMP From 5 Gallon 
Water Bottle. Easily Available Parts. 
Complete Detailed Plans. Send $6.95 


To: 

BUTLER ENGINEERING 
296 Coldstream Dr. 
Berwyn, PA 19312 
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DO-IT-YOURSELF (Cont.) 


START YOUR OWN SHOP 


SELF) TAUGHT | POETS Sohal 
\ 


Peter Horsley Publications 
115 Rivertirch Cres. SE Calgary AB., Canada Т2С 3M1 


AMAZING 


SCIENTIFIC & ELECTRONIC 
PRODUCTS 


GRAT-ANTI GRAVITY GENERATOR. 


-BLET-100,00 WATT BLASTER DEFENSE НАМО... $89.50 


EASY ORDERING PROCEDURE-TOLL FREE 1-800-221-1705 
OR 24 HAS ON 1-603-673-4730 
‘OR FAX IT ТО 1-603-672-5406 
VISA, MC, CHECK, MO IN US FUNDS. INCLUDE 
SHIPPING. ORDERS $100.00 & 
CATALOG $1.00 OR FREE WITH ORDER. 


INFORMATION UNLIMITED 
P.O. BOX 716, DEPT. PS8 AMHERST. NH 03031 


ECTRONIC KITS! Tracking Trans- 
mittere! Voice Disguisers! FM Bugs! Phone 
Devices! Detectors! Morel Serres $1.00: 
XANDI ELECTRONI! 


‘Tempe 
AZ 85285-5647. 


SURVEILLANCE 
TELEPHONE 
This is а normal functioning 
telephone! EXCEPT it has a 
‘secret built in monitor. 
сап call and monitor all conversations, using 
a secret code, and never be detected! Range United 
$175.00 — 6 month Warranty — Phone Tap Catalog $3.00 
LISTEN ELECTRONICS, 803 Elgin, Muskogee, OK 74401 
"T 1800-633-TAPS. 


TELEPHONE LISTENING DEVICE 


ILD AN ELECTRIC COMPANY. 

$1000. DAILY INCOME Possible. Plans 
$19.95 М.О. + $3.00 Shipping. Wayne Love- 
joy, 3296 Winfield Road, Winfield, WV 
2521. 


‘SURVEILLANCE - Privacy control - De- 
bugging - Protection. (kits - assembled) 
Large new catalog $5.00. Tri‘Tron, 2209F 
Lapalco, Harvey, LA 70058 


‘Super Powerful FM TRANSMITTER 
Many tenes пот рожей inan oer arse 
Transmis up o % me lo any FM rade -Easy to 
Assemble KL - up ю ЗУ batery (not mc] 
For сазоў of Transmters. Voce Scambers and 
ober specaty tems, ence $2 00 ю USI Corp 
(Cait 407-725-1000 or send $19.95 + $1.00 
ripping per item to: USI Corp., PO Box 
PS-2052, Melbourne, FL 12902 COD' OK. 


за” 


ELECTRIC. Traveling Arc—Spark 
Coil— Tesla —(PLANS|...... Inquire, Niven 
Enterprises, 901 Cedar, Grand Ledge, 

48837 


GREENHOUSE - Grow your own plants 
year around. Build 18x20 BELOW $150. for 
‘complete plans, parts list and photo, send 
$8.75. 701 Kirby, Little Rock, AR 72211. 


PICKS UP A WHISPER 50 FEET AWAY 
The model WAT-50 miniature FM transmitter 


unit on top of a 9V battery and you can hear 
every sound in an entire house up to 1 mile 
away! Use with any FM radio. Tunes to any 
frequency from 70mhz— 130mhz. Easy to as- 
semble kit includes all parts and instructions. 
Only $29.99 tax inci. 

Call or send MO, VISA, MC tor immediate de- 
livery. Include $1.50 S&H. FREE SHIPPING 
оп orders of 2 or more. All orders shipped by 
U.S. Mail. COD add $4.00. Personal checks 
allow 21 days. 

DECO INDUSTRIES 
BOX 607 
BEDFORD HILLS, NY 10507 
914-232-3878 


ECTION—Surveillance, Debug- 

ggl Plans, Kits, Assembled Devices. Latest 

ligh-Tech catalog $5. Detection Systems, 

2515 E. Thomas, #16-864A, Phoenix, Arizo- 
16, 


SAVE BIG $$. Clean your own VCR. 
Step by step illustrated manual shows you 
simply Rush $1295 + $2.00 postage. J-R 

io, Inc., P.O. Box 5440, Oswego, New 
York, NY 13126-2218. 


TOUCH LAMPS Turn Any Hollow Base 
Lamps Into Touch Lamps. Kit $10.95 
Lamps, 10822 E. Revels, Rd, Howey, FL 


TIRED OF LEAVES? Rid lawn of leaves 
in half the time! Commercially proven. 
Works with any mower. Complete instruc- 
tions. GUARANTEED. $10. [3 Beneficial 


— Group, 3012 Windyhill Lane, Tal- 
lal 
SECRET recipe revealed! Secret ingre- 


Chocolate C Chip cookie. $3. Melindas 


nt 
Pantry-PS, 31919 First Ave So., Federal Way, 
WA 98003. 


AMAZING VORTEX RESONATOR 
Simple efficient multi fuel plans $5.00. 
James Burton, Box 6761, Columbus, GA 
зи 


RADON GAS EXTRACTION SYS- 
‘TEM Complete System and Installation In- 
structions. $750.00. Р.О. Box 541 - Liberty, 
MO 64068 (816) 781-7755. 


Internally тойу your phone зо when you cal that phone 
and send a code - it doesn ring but listens in on room 
Fel ій on the hook! Works normaly all other times. 

Special part included wih complete detail plans. All parts 
facie wee Gat BLASS 


LASER BOUNCE, INC. 
2020 Pennsylvania Ave. NW Suite 802 
~ Washington, D.C. 20006 


39,270 CATALOGS DIRECTORY guide. 
Sources for anything! $596: Catalogs, Box 
14107AB, Jackson, MS 39236. 

SOLAR, GREENHOUSE. AQUACUL- 
TURE AND ENERGY SAVING CATA- 
LOG! 60 pages. Order from one expert 
source. Featuring Sun-Lite * for do-it- 

yourselfers, builders, designers. America’ 

t energy saving mail order house! 
ys paid, Solar Components Corpora- 
tion, Dept. PS. 121 Valley St., Manchester, 
NH 03103 


Build Your Own 
Log Splitter 


for under $250! 
KITS AVAILABLE. 
No Gimmick! Proven Rugged Design 
Complete "How To" VIDEO — $29.95 
plus $3.00 handiing to: 
CUSTOM AUTOMATION INC. 
1720 Hwy. 12Е © Rogers, AR 72756 
CALL (501) 631-0082. 
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ELECTROPLATING textbook. El 
late metallics/nonmetallics. $14.95. Detail 
free. Tropic. X95E, Palm Bay, FL 
32906-0095. 


QUARTZ CLOCK MOVEMENTS and 


supplies! Low Prices Yankee Ingenuity, Bax 


200 SUPPRESSED/DORMANT IN- 
VENTIONS! RARE INFORMATION 
DATABASE CATALOG! $2. REXCO, Box 
19250, Jean NV 89019. 


BURN THROUGH METAL, VAPOR- 
IZE WOOD OR PLASTIC Build your own 
Lazer 6 plans included. Send $16.95 to: LIG- 
НТ DYNAMICS. P.O. Box 3626, Pinedale, 
СА 93650. 


ARROWHEAD Making. VHS $29.95 SH 
$3.50. Commons, Box 5012-PS, Central 
Point, OR 97502. 


LASERS, from $40.00 write MWK In- 
dustries, 9852 W. Katella, Suite 340PS, An- 
aheim, CA 92804, or call 714-956-8497. 


ELECTRONIC EQUIPMENT 


SAVE MONEY! Simple book shows how 
to buy stereo equipment, $8.95 or FREE 
details. HELPBOOKS, 7-A Simpson CT., 
So. Burlington, VT 05403, 


High tech, sound activated light kit. Great 

for ипон коон, and science projects. 

Conran it (9V battery not included) 
ABORATORY 


зу is only $9.95. Assembled & 
s 
B SYSTEMS GROUP, INC. 


tested 814.95. Well pay the 
postage to anywhere in USA. 
1718 E. Rose Lane Phoenix, AZ 85016 


FOR THE HOME 


BUY CARPET & VINYL DIRECT. 
Savings to 80%. Name brands. Shipped Di- 
rect. E QUOTES/SAMPLES. JOHN- 
SON'S CARPETS. Dalton, СА 30720. 1 
(800) 235-1079: Georgia (404) 277-2775. 


BOLD identification tags mark important 
basement shutoff valves. $5.98/set. Epco, 
Box 65, Newtonville, MA 0: 


DOWNSPOUT CUSHIONS! Dripping 
Drainpipes Keeping You Awake? Quiet 
Them VER! Eight Pack, $19.95. 
Montebello 


Ct., Watsonville, 


Let the Patented GUTTER GEYSER do it for 

you with the simple twist of a knob. Complete 

kit installs instantly on any gutter & works with 

any outdoor бшсе. 100% Guaranteed. Only 
19.95 + $1 shpg & Hdling. Home Specialties 

Co. Box 1714, Longvie WA 9863 

Dealer Inquiries Welcome 


HOME CRAFTSMAN 


CLOCK movements, components, plans, 

, foil and art prints, door harp supplies, 

er pegs, touch tones, Bible clocks, vid- 

eos, transfer art, stencils—over'1200 items! 

Wholesale catalog $3.00 (credited) Steebar, 
463-8, Andover, NJ 07821-0463, 


‘AUDIO INNOVATIONS is now offering a special 


Suite 
200-140 Toronto, Ontario Canada MSS IRE. 


CONVERTIBLE dome, pool li t [3 


chure $1.00. pools, Bridge Stn, 
Niagara Falls, NY 14305. 


"GETTING STARTED WITH PVC 
PIPE FURNITURE.” CASUAL, Box 208-P, 
‘Tewksbury, MA 01876. 


And пом. . . Introducing 


HANDY Ж ТАРЕ № 
MANY USES: 


* GAUGING 
* MEASURING 
* TEMPLATES. 
© NUMBER LABELING 


3/4" X 100 Ft. Roll. . . 5590 Бы 


TO: ALASKAN SEALS нт" 
РО BOX 1544, KENAI, ALASKA 99611-1544 


MAKE WOODEN TOYS, whirligig 
door harps, dollhouses, clocks, music boxes 
weather instruments, crafts, furniture wi 
our plans, parts, kits, supplies—Catalo] 
$1.00—(614) 484-4363—Cherry Tree Toy! 
Belmont, Ohio 43718-0369. 


маз BUILD AMAZING LIQUIO Pie 
TON ENGINE from pipe fittings. 
Plans. Free information. ABCO, Bor 50654 
Seminary, MS 39479. 


SEE YOUR HOME BEFORE YOU 
BUILD Detailed home model from youl 
plans, 1/24 scale, cl0/sqft. HOME MODE! 
ENGINEERING 1026 Jackson Blvd Rapi 
City, SD 57702 1-800-882-9878 


WOODWORKERS Notice - qne. 


device, great for children, Grand childre 
Dads too. Once learned never fo 
terial cost, $6.00. Hundreds sold for $19.9 
pif shops, Send $7.50 for photo - deca 
and plans to: Charles Morrish, 4498 S. Rivel 
heboyran, MI 49721. 


GARDEN SUPPLIES & EQUIP. 
SOIL SETTLER: Quick, economical 


to settle soil, $24.95. Used by professional 
Free information. Ortmann, 'reenhoi 


Fr. 2, Box 221, Festus, MO 63028. 


GARDENING 


MOREL Mushrooms, growing informi 
tion $10.00. Wayne Spawn, 611, 6th St 
Brookings, SD 57006. 


GOOD EATING 
UKRANIAN 20 traditional recipes $4 


Euron A. Enterprises, P.O. Box 2 
Corydon Avenue, Winnipeg, Canada R3 


DELICIOUS ITALIAN SPAGHETTI 
$3.00 Sase. Pressler Enterprises, D-PS: 
1709 North Pennington Drive, Chandler 
Arizona 85224. 


INO POPCORN Recipe $2.00 
БАЗЕ 5S Hubbard Ln., Oxford, Al 
36203. 


GOVERNMENT SURPLUS 


DRUG RAID IZURES! Buy іг 
cheap. Cars, Houses, Boats, Computers, Fur 
niture. Free Details: Seizures: Box 4309-YG 
West Covina, CA 91791. 


GOVERNMENT Seizures! Dirt Chea] 
Bargains Galore! Autos... Vans... Boats.) 
Computers... Houses! Write: Bargains, Bo 
1305-PS, Seaford, NY 11783. 


NARCOTICS SEIZURES... Autos.. 
Boats... Computers... Stereos ... thousand} 
more! BUY DIRECT FROM GOVERN 
MENT! “Nationwide Directory” $3.00. Dis| 
posal, Box 19107-FC, Washington, D 


HAIR CARE 


MEN'S jeces—Free Catalog! T.I.D. 
2415 Main s 209-PS, Stratford, 1064974 
HOBBIES & COLLECTION 
MILITARY Medals Catalogue $1.00 


Yearly subscription $8.00. S. Vernon, Bos 
560PS, Wildomar, CA 92395. 


HOME REPAIRS & REMODELING 
SAVE $1005 on major appliances, Free 


information. Jaynes House #114, #7 Myra 
Ave., Lebanon, NH 03766. 1 
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HOVERCRAFT 


IOVERCRAFT Plans, Parts, Catalog 
. Universal Hovercraft, Вох 281, Cor- 
, IL 61242. 


RTLETT FLYING pang aged 
HT Hovercraft Featured In Documen- 
Film, "Force Beyond" Powered By Ordi- 
Lawn Mower Engine. Complete Plans, 
ppl Sources and Photo Review $10.00 (24 
turn). Send To: Herb Bartlett, P.O. 
x 156-5, Silverdale, Wa 98383. 


#OVERCRAFT Plans, 3 to 160 Hp. Infor- 


ion $5.00 (refundable). Sevtec, Box 846, 
nroe, WA 98272 


HYPNOTISM 


FREE Hypnotism. Sleep Learning Pub- 
ation. DLP, Box 487, Anaheim, CA 92815. 


EAZY LOANS $500-$50,000 Fast Ap- 
roval. Unemployed, bad credit welcome. 
Petai 19) (90, (24 hours). 


FREE MONEY! $300,000,000 GIVEA- 
WAY. Grants. Never repay. Details $1.00. 
Jakla, Box 3066-PS30, Seminole, FL 34642. 


CASH GRANTS AVAILABLE from 
foundations! Never Repay! 401 sources/ 
applications instructions — $3.00. 
Fundsearch, Box 19107-ЕС, Washington DC 
20036. 


ARAB BUSINESSMEN have mo! 
buy invest. Top finders fees paid. IMEA. 
0390/PS1. Box 3574. Newport Beach. CA 
92663. (714) 722-9260. 


$100,000 line credit without investiga- 
tion! Private Swiss bank account! Other fi- 
nancial benefits! Free valuable report! 
МАСС PS-3, Box 5399, Torrance, CA 90503. 


FREE Hypnotism, Self-Hypnosis, Sleep 
arning Catalog! Drawer P3100, Ruidoso, 


1YPNOTIZE Women! Gentlemen! 
ighbors! Even Perfect Strangers! Profes- 
nal Secrets Revealed! Instantaneous 
thods! Clairvoyant Hypnotizing! Som- 
mbulism! Dynamic Salesmanship! Dis- 
er Strange Magnetic Influence! Amazing 
sonality Improvement! Hypnotize Your 
f! Powerful Methods! Free Cassette Cata- 
‘Addison, Box 1085, Black Mountain, МС 
11. 


INVENTIONS WANTED 
à NEW IDEA? Call National Idea Center 


iE ton D.C. free info— 
247. Ext. 117. Come see The In- 
tion Sta q 


in marketable new ideas. 
ventor, Concept Funding (301) 


t to 
3-4519. 
NVENTORS: Free information on offer- 


| your invention for sale. Kessler Sales 
rporation, C-7-IW, Fremont, Ohio 43420. 


JEWELRY 
SLOSEOUT Jewelry. 55e dozen (Catalog 
2). Roussels, 107-1635 Dow, Arlington, 
\ 02174-7199. 
JOKES & NOVELTIES 


"REE Catalog! Thin 


you never knew 


sted! 1600 Novelties, Jokes, Science, Hob- 
s, Surprises. Johnson-Smith, F-03, Bra- 
ton, FL 34206-5500. 

HELP WANTED 


EARN MONEY Reading books! $30,000/ 
income potential. Details, (1) 805- 
1-6000 Ext. Y-20025. 


LOANS BY MAIL 


SASH 24-48 Hours! Fast Approval! All 
es of loans, Car, Home, Business, Holi- 
э, PES, 210 Fifth Ave, Dept. 1102, NY, 
a 


SORROW $50,000 “FAST”. Ап; 
aranteed. Capital, Box 561359- PS, Char. 
е, NC 28256. 


MMEDIATE Loans to deserving individ- 
s refused elsewhere. Many plans includ- 

us! Associates P3, Box 9008, Bald- 
11510-9008. 


IORROW BY M. Get $500-$75,000 
ick. Nearly everyone qualifies! Request 

lication. MJS Industry, Box 531, 
FY 10461-0531. 


оноуу any amount! Get Visa/ 
sterCard! Instant reply! Sunrise, Box 42- 
lethpage, NY 11714-0042/516) 349-1649 


SORROW $500-$40,000! “Overnight” 
"Signature. Keep Indefinitely! Action, 
x 5499-Y, Diamond Bar. CA 91765. 


QUICK Loans, Credit Cards Issued Na- 
nwide! Guaranteed! Empire, 1800 S. Ro- 
tson #931-M, Los Angeles, CA 90035. 


PORN ки “Immediatel iy 
signature. KEEP FOREVER! Ci 
p 1621, Spring, TX 77383. 


MAGIC TRICKS/PUZZLES ETC. 


FREE Catalog. Tricks, Puzzles, Jokes. 
Winkler Wonders. Dept. PS3-90, Oakdale, 
CT 06370. 

$20. TREMENDOUS Bargain. 11 NON- 
sleight of hand effects Magic book. No per- 
sonal checks. Ron Ferris, 813 Ogden St. Las 
Vegas, NV 89101. 

HEARING AIDS 


HUGE SAVINGS. Eliminate dealer 
markup. Free ud Batteries wholesale. 
Terms Rockford, IL 

rera Toll Free. 


lewest. Finest. All 
I SUPER SAVINGS! м F All 
1 pos, Buy DIRECT & save up to HALF! 

Ng salesmen. Sold by AIR MAIL on HOME 
IL TRIAL. FREE Catalog. Write: 


I MONEYSAVERS. 
Dept. PS- 


9530 Langdon Ave., 
I бейле “Са. 91343 


ENJOY HEARING 


All-in-the ear Hearing Aid! 
Nothing over, under or behind 


the ear. . . no cords, tubes or 

wires. Simple slip-in fit. Full 

range volume control. 45 di 
tial. NO salesman will call. 

Order your free са! 

Rhodes Hearing today! 


or call 24 hrsJ day 


1-800-453-4905 


RHODES HEARING 
Dept. 12C Brookport, IL 62910 


MAILING LISTS 


NEW NAMES DAILY! IMMEDIATE 
SHIPMENT! Guaranteed Opportunity 
Seekers. Adhesive labels. 200/$8; $11; 
1,000/$18; 2,000/$29; 5, 00059 а QUALITY 
LISTS, Box 1305-CW, Seaford, NY 11783. 
VISA/MC/COD. 800-356-6392. 


IROW $60,000 *Overnight" An: m 
indefinitely! Free details! 
x 1593-SP, Safety Harbor, FL 


Sp 
rtin, 
395. 
ISA MASTERCARD! Despite Past 
edit Experience! Apply Toll-Free: 
00-888-8051, Extension 26. Issuer New 
з Bank, Somerset, NJ. 
SORROW $500—$40,000! “On Signa- 
е"! Any Purpose! 97% Eligible! Free Ap- 


ation: National, Box 7627-K, Long Bea- 
CA 90807. 


FIRST ORDER “TRIPLED FREE"! 
Opportunity seekers! Computerized, adhe- 
sive labels. 200/$8; 500/$14; 1,000/$25; 
2,000/$39; 5,000/$75; 10,000$139. LIST- 
MASTERS, Box 750-WK, Wantagh, NY 
11793. Visa MC/COD. call 800-356-8664. 


NEW ACTIVE NAMES!! 
MIXED STATES! IMMEDIATE SHIP- 
MENT! Adhesive Labels — Hot Line Oppor- 
[ed Soaker. 200810, 00; 500219, 00 
1000/$25.00. Othe Advon Drawer B6, 
Shelley, ID 83274, Visa/MC/AmEx. 
1-800-992-3866. 


FIRST ORDER TRIPLED FREE! Hot 
line ive Lists from Nationwide Mail 
i stick on 
25; 5,000-850; Need More? Call Toll 


Free: 1-800-347-5478, National List, 411 
Deese Rd., Dept-391, Ozark, Al 36360 VISA/ 


MAXIMUM GUARANTEED LISTS: ¢25 
refund each undeliverable address, moti- 
vated , 200/$ 10, 500/$ 15, 1000$ 
25, Ultimate Lists, Box 167306, Irving, 
"Texas 75016-7306. 


“FREE” M, m LIST 
“FREE” ADVERTISI Call National 
List/Ad Agency. 205) 118 0304. Ext. PS392. 


MISCELLANEOUS 


IBM Assembly Language $5 Book $15. 
ар, Вох 12238, Lexington, КҮ 
2238. 


“EX-SERVICE PERSONS" - Have you 
ever wondered where your buddies, friends, 
and acquaintances ended up. I know I have. 
For more information, mail $3.00 and $1.50 


for and to NUMBERS, 
INC 4772 Big Tyler - 


West Virginia 25313. Please send check or 
то! order. MONEY BACK GUARAN- 
TEED. 


DON'T STAY IGNORANT! Our re- 
search finally revealed the real p of 
sleep and dreams. This is a completely new 
idea of brain organization, a new philosophy. 
It can change your life. To get the report send 

mpusleep, P.O. Box 172, North- 
T 05663. 


SPACE SUIT Patents Catalog 
S.E.T.L, 3003 North Central 121-1 
nix, AZ 85012. 


усе”. Жар LF DEFENSE 

Sex, size, age unimportant. For free info. РС 
Publication РО Box 135-P Warminster, PA 
18974. 


$2.00. 
Phoe- 


TOTE ROCKER 
5g Ф 
Soo toro; GREEN 


N.D. Residents add $3.00 
ог Sales Tax. 
Rocks on Floor. SUPPORTED 
VINYL 
Beaches, Dens. Camel 
‘Dorms Rooms СУ] 
Exercise Back 
‘Send check or money order to. 
PRAIRIE ROSE CHAIR CO. 
790 Center St., West Fargo, ND 58078 
(701) 281-9151 дюн 23 weeks shoping 


CHOICE 


Beige 


LOWER YOUR TAXES! For brochure 
with, details send $395 to: Jack Crawford, 
12700 Atherton Dr. Silver Spg, М! 


MONEY MAKING OPPORTUNI = 


BUMPERSTICKER PRINTER. Cheap, 
simple, portable. Free details. Bumper, P.O. 
Box 22791 (LLD), Tampa, FL 33622 


STAY HOME and make money. Call 
213-273-8194 for 24hr. recorded message, 
Dept M1 


GET PAID for reading books. For free 
information write: Calco ‘Publishing (Dey 
a South Broad Street, Meriden, 


EXTRA INCOME IDEALS TO START 
NEW BUSINESS BIG SMALL OPPOR- 
TUNITIES. Information and Tips to be suc- 
cessful and more. Send $12.50 to: J. Coleman 
Interprises, PO. Box 18425, Philadelphia, 
РА 19120. 


EASY Work! Excellent Pay! Assemble 
Products At Home. Call 504-649-0670 Ext. 
6517. 


TAKE CONTROL OF YOUR LIFE! Why 
Slave For Others? Name Your Own Income! 
Grow Steadily Wealthy. GUARANTEED! 
Refundable $1.00 Brings Full Details: Bay 
Street Group, PO. Box 29022, SF, CA 94129. 


ACQUIRE GOLD through precious met- 
als networkings savings plan. Kit $3. Box 
1544, Kenai, AK 99611-1544. 


Charleston, * 


DON'T READ THIS AD unless you're 
serious about making money! Most profita- 
ble home businesses for ihe 905. d 
tails: Ericson Publishing Company, Dept. E, 
845 28th Avenue, Vero Beach, Florida 
32960. 


SAVE FORTUNE! Car insurance SE- 
CRETS your agent never told! GUARAN- 
TEED! FREE details. Eagle, Box 357, 
PS3, Fairview, TN 37062. 


HOMEWORKERS WANTED! Directory 
of 200 companies offering income oy 
tunities. $200. Castle, Box 234F, Pawling 

1 


OF INTEREST TO ALL 


at PROSPEROUS. AND ЭМЕНИ. 
Баку Darel ee of the mother. Box 1502-P, 


MESSIAH PROMISED LIFE TO THE 
OVERCOMER. Send for your free copy of “The 
Psychology of Purity & Chastity” to: Schizo- 
phrenics International, Р.О. Box 50456, Ft. 
Worth, Tx 76105 


VES AND IGLARS: 
and Lighting Systems. Plans 
fonte Carlo Dr. Santa Ana, CA 


SCARE Т! 
Home Securit 
$5.00. 2613 
92706. 


INTERNATIONAL GAMI Unique 
board games from other lands. Send for 
newsletter: Continental Games, 3322 Hill- 
crest, Cleveland, OH 44109-4921. 


KITES 


"KITES -; 


FREE COLOR Э oe 
Choose from over 100 kites. 
Many unusual & innovative designs. 
[| Can or write for your catalog today! Mg 
I Into The Wind • (303) 449-5356 [| 
LAGE? Peart St, Boulder, СО 80302 
ee | 


OLD GOLD/JEWELRY/WATCHES 


TAKE NO CHANCES, Deal with oldest, 
most reliable firm in old gold business. Es- 
tablished 1934. We buy Gold, Silver, Plat- 
inum, Diamonds, Highest Cash, Free infor- 
mation. Rose Industries, 29-Y East Madison, 
Chicago 60602. 


PATCHES/DECALS/BADGES 


U.S. MILITARY INSIGNIA: Cataloj 
$2.00. Saunders, Box 3133-PS, Naples, 
33939-3133. 


GUARANTEED Lowest Emblem Prices! 
Pins, Decals. Free "rite Stadri, 
61R Jane, NY 10014. (21: 


PERSONAL 


COLLEGE DEGREES, High School fre 
lomas, Authentic’ looking. Catal 
ational Certificate, Dept PS. 144 210. E: 
avenue, New York, 10010 (718) 768-6803 
Ext. 100 (24Hrs. 


PLANS, BLUEPRINTS 


POWERFUL TELESCOPE. Low-cost as- 
sembly. Complete plans, $5.95. Ј.Јовву, 754 
Glenview Dr. #308A, San Bruno, CA 94066. 


POOL TABLE THAT CONVERTS TOA 
BED in seconds. Dual purpose use. Ideal for 
any bedroom. Build your own any handy- 
man сап do it. Complete plans $15.00. 
P.T.C.B., 80 Ceylon St., Dorchester, МА 
02121. 


EASILY BUILT “CAJUN” CANOE 
Plans $8.00 - B&S Ent. Box 21208, Baton 


Rouge, LA 70894 
PLASTICS 
CASTOLITE Liquid Plastics. Crystal 
clear, colors. For casting, embedding, coat- 
ing, fiberglassi iring and 

ing with our Mold Making Suppl 


$2.00. CASTOLITE, Dept. 
391, Woodstock, IL 60098. 


REAL ESTATE 


ILD YOUR DREAM IN сосона. 
DO* Build your cabin from your own trees. 
Create a pond from Crystal Clear Water. 
Harness Solar Energy from over 300 day 
unclouded sky. 35 Acres from $19,900. 
Down—Easy Terms. Free Brochure—Call 
"Today 1-800-383-0583. Patten Land of Colo- 
radoCorp. 
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REAL ESTATE (Cont. 


CALIFORNIA. Acreage. Lots. $40 down. 
$40 monthly, 4602 Ethel Ave., Sherman 
Oaks, CA 9) 


MONTANA LAND BARGAINS: 20 Acre 
mountain parcels starting at $12,900. Call 
NOW for FREE information. 1-800-252- 
LAND. Yellowstone Basin Properties. 


NORTHERN IDAHO. 5-10-20 ACRES. 
Beautiful Northwest forest and lake coun- 
try. Hunting, fishing, recreation, retire- 
ment. Hundreds of parcels Easy terms. 
FREE brochure. NATIONAL ASSOCI 
ATED PROPERTIES, 1111-PC Sherman, 
Coeur d'Alene, ID 83814. (208) 664-8161. 


MONTANA 


Trees, Creeks and Wildlife, 20 QUALITY acres 
{and up), close to Yellowstone 


Gus 
cess. Warranty Deed, Insured Title. Free Brochure. 
Rocky Mountain Timberlands 


333 Haggerty Lane ө Dept. PS, P.O. Вох 1153 
Bozeman, MT 59771-1153 @ (406) 586-8088 
35-6484 


Call Toll Free: 1-80 


е Dozens of Useful 


Toys, lade From 
Things You throw Out Every Day. 
$6.00. Mi 


Residential contractor reveals methods. 
Send $10 to: BUILDER, P.O. Box 98, Sodus, 
MI 49126. 


REPOSSESSED homes from Gov't from 
$1.00 plus repairs/taxes. Nationwide! Also 
tax properties. 216-453-3000, Est. H8230. 


RADIO, TELEVISION 
‘SECRET Scanner Frequencies: Federal, 
Police, etc. Free Catalog! CRB, Box 56PS, 
Commack, NY 11725. 
MUSICAL INSTRUMENTS 


INTERNATIONAL VIOLIN COMPA- 
NY, tonewood, tools, varnishes, parts, acces- 
вогїев, strings, cases, instruments, bows. Vi- 
b n, quitar | kits. Catalog $1.00. Dept. PS, 
@ 5j lvedere Ave., Baltimore, MD 
1215. 


nAGOORDIONM Concertinas, Button 
irs, trade, credit cards 
Castiglione, Bo ‘Bor 4d 


, Warren, MI 48090, 
SATELLITE TV 


1327, Halifax N.S., г Саза ВЗК 5H4. 
FRI 


Catal 
Nobody undersel 
222-9064. 


VIDEOCIPHER Decoders, Catalog $4.00. 
Skyvatch-PS, 238 Davenport, Toronto, Can- 
айа M5R 146. 


SATELLITE TELEVISION DE- 
SCRAMBLERS Complete Detailed Plans 
For Home Construction By Anyone. $5.00. 
Jansen Electronics, P.O. Box 25161, Seattle, 
WA 98125 


SCIENCE & CHEMISTRY 


PAGES! 1988 Glassware, chemicals, 
uipment, books, experiments, DINO- 

and charts! Most comprehensive cat- 
alog offered by anyone in this column. Estab- 
lished 1970. 830009) REFUNDABLE 
Analytical Scientific, 11049 Bandera San 
Antonio, TX 78250. (512) 684-7373 VISA. 


“EXPERIMENTERS” LABORATORY 
(CHEMICALS - GLASSWARE. Catalogue 
$1.50. established 1953 Hagenow Laborato- 
тыша. Washington, Manitowoc, Wiscon- 
in 


s. Major Brands. 
-Since 1977. (800) 


Chemistry 
Biology Physical & art Seence, Native, 
Dinosaurs and much more, Beginner to pro- 
fessional. $2.00. Merrell Scientific, 1665 
Buffalo Rd., Rochester, NY 14624. 


FOX Scientific Laboratory Supplies And 
Chemicals. $2.00. 4571 S Westmoreland, 
Dallas, TX 75237. 


VIDEO EQUIPMENT 


DIGITAL VIDEO STABILIZER 
REMOVES VIDEO COPYGUARDS 


While watching rental movies, you will notice 
annoying periodic color darkening, color 
shift, unwanted lines, flashing or jagged 
‘edges. This is caused by the copy protection 
jamming signals embedded inthe videotape, 


JAMMING SIGNALS AND BRINGS YOU 
CRYSTAL CLEAR PICTURES. 


WARNING 


THE DIGITAL VIDEO STABILIZER IS IN- 
TENDED FOR PRIVATE HOME USE ONLY. IT 
MS NOT INTENDED TO COPY RENTAL 
MOVIES OR COPYRIGHTED VIDEO TAPES 
THAT MAY CONSTITUTE COPYRIGHT INFR- 


The best and most exciting video stabi- 
lizer in the market 

100% automatic 

Works on all VCRs & TVs 

Similar units sold elsewhere for $99 
Light weight & compact 
UNCONDITIONAL 30 days money back 
guarantee 


Fast UPS Delivery 
1-800-445-9285 o 516-568-9850 


$49.95 ea + $4.00 tor p&h 
Visa, MC, COD M-F: 9-6 
SCO Electronics Inc. Dept. CAL 
581 W. Merrick Rd. Valley Stream, N.Y. 11580 


МТА. MOVIE STABILIZER. 
Connect between VCRs or to monitor. 
$69.95. 1-800-367-7909. 


CUT MELAMINE WHITEBOARD 
WITHOUT CHIPPING Using your Hand 


Carmichael St., Ivanhoe, Vic., Australia 
3079. 


PROJECT Supplies, tools, surplus. Cata- 
log $1.00. INVENTORS HARDWARE, 
Box 8460-S, Anaheim, CA 92812. 


TURBO CHAINSAW By Jonsered. Popu- 
lar Science Dec. 89 Page 67 from $489.00. 
Mike's, 775 Hwy 101A, Astoria, OR 97103, 
(503) 325-0246 Visa, MC, C.O.D. 


“SHARPENERS REPORT" Monthly 
Newsletter. Tips—Sources—Used Equip- 
ment. FREE Brochure. SKOG Company 
Dept. PS3, PO 22559, Minneapolis" MN 
55422. 


STOP YOUR TOOLS FROM RUSTING 
PERMANENTLY request your free tool to- 
day. пеше РО. Box 2053 Kennsington, 
Maryland 20891. 


` HOVERCRAFT 


HOVERCRAFT Plans, 3 to 160 Hp. Infor- 
mation $5.00 (refundable). Sevtec, Box 846, 
Monroe, WA 98272 


SONGWRITERS 


S—SONGS WANTED. Free 
/Promotions. Broadway Music, 
, Sarasota, FL 33578. 


VIDEO TAPES & BOOKS 


NATURIST Videos, $2.00, Sase. PS, Box 
9296, Newark, DE 19714-9296. 


SPECIAL SERVICES 


INFORMATION On Anything. Ferguson 
Research Specialists. 60-15 Woodside Ave- 
nue, Woodside, NY 11377. 


ARTS found for Грэт We find for 
you. $2.00 forms. Associates, Box 
n Mitchellville, TN КЕЛ 


STAMP COLLECTING 


FREE U.S. Mint Set. Approvals. 
Hildebrand, Box 4867, Santa Elara, CA 


juest Countries, 


DISCOUNT Stamps, 
Free List. IVA, Вох 197-B, Hanford, CA 


MICROWAVE TV RECEIVERS 
1.9 to 2.7 GHz 


VISAIMC/COD 


TUTTYOSCOUNTS  UPETIME WARRANTY 


513-322-8562 


CAMPBELL TOOLS COMPANY 


2100P Selma Road, Springtield, Ohio 45505 


BOLTS, SCREWS, TOOLS, WHOLE- 
SALE, DIRECT. Guaranteed. Catalog 
$1.00 (refundable). Camelot, Dept. 33, Box 
65, Bristol, Wisconsin 53104. 


SMALL FOUNDRY Furnace Supplies. 
Free Literature. Pyramid Products, Dept. M, 
3736 South 7th Avenue, Phoenix, AZ 85041. 


LATHES — MILLING MACHINES 
MACHINE SHOP SUPPLIES — TOOLS 


Toll Free Number For Orders 


4” METAL Cutting Lathe $114.25., Taig, 
15048 Proctor, Industry, CA 91746. 
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5o ao Old U.S. Between 1861 
and 1939. $1.00. Rousch, Box 3734, Man- 
sfield, OH 44907. 


ооо STAMPS, $2.95. Guaranteed 


worth over $30. at standard catalog prices! | tributors, Discount Prices! 800-874-90: 
Money back if not deli; ws rovals. | WATERWISE, Box 45981, Center Hil 
Kenmore OM-088, Milfc 3055. 33514-0459. 


UNITED NATIONS 3 Mint 
— POB 1509-P, Lake Placid, 


FREE! Mystery Selection With Aj 
als, on 5023 Madison, Spokane, 


PENNY Stamp Approvals. Regard! 
log. C. Kloster, 4164 52nd St. 
„ СА 92105. 


FREE! Gold Silver Stam 
er 21127 Fleetwood, Harper S. 


250 DIFFERENT worldwide $1.00 wi! 
m ANP, Box 160630, Cupertino, 


о.з. 100 е 25 e, 
гай 4258, Midlothian, 


FREE Worldwide Packet. Penn; 
als, Froehlich, Box 177DB, Pine AP 
54965. 


TOBACCO, PIPES & CIGARS 


TOBACCO! Chewing—Smoking 
pler. Write, Fred Stocker Inc., Dresden, Tei 
nessee 38225. 


TREASURE FINDERS/METAL 
DETECTORS 

FIND Old Coins, Jewelry, Gold Ni 
New Patented Revolutionary Device. 


Py Gardiner Electronics, 31311, 
35th Ave. Suite,K, Phoenix, AZ 85017. 


WINEMAKING 


WINEMAKERS-BEERMAKERS As 
Illustrated Catalog - Fast Service 
Selection - Visa/Mastercard - (516) 264.0 
KRAUS, Box 7850-N, Independence, Mi 


souri 64053. 


CATALOG! GREAT PRI 
FAST SERVICE! SEBASTIAI 
BREWERS SUPPLY 1-800- 


FREE BEERMAKING BOOK 
LOG. FINEST INGREDIENTS, oA 
RVI WITH 


NORTH CAROLINA 27514. 
WATER PURIFICATION 
DRINK PUREST WATER! Home Dis 


SCIENCE- 
THE BENEFIT 


Each month Popular Science classified 
ads reach out to over 4.4 million readers. 
If you are looking to reach involved, in- 
quisitive prospects, call me to advertise 
your product or service. | 


Dorothy Ellis ! 
1-800-445-2714 
(212) 779-5163 


р E че за as шош ш ш ш за ша ш кз эш ир аз ша ыр, 


Product Information 


ADVERTISEMENT у [шышы 


Booklets, catalogs, and folders listed below provide reliable informa- 
tion, illustrations, and specifications to help you in planning the pur- 
chase of a variety of products or services offered by these dependable 


301 Thousands of Items American Design 
Components offers a catalog full of electronic 
and electromechanical components, plus а line 
of computer parts and peripherals. It's de- 
signed with the tinkerer, hobbyist, technician, 
and engineer in mind. Free 


302 Anatomical Products Anatomical Chart 
Co.'s 240-page brochure contains the world's 
largest collection of innovative and educational 
products on health, anatomy, and science- 
related topics. $1 


303 OutdoorStorage Literature from Arrow 
Group Industries describes the latest in out- 
door storage. Featured are steel and wood de- 
signs as well as children's playhouses. Also 
included are helpful planning, purchasing, and 
creative storage-usage tips. $1 


304 Radar Detection A Bel-Tronics brochure 
explains Ka Band photo radar equipment. 
Some of the questions addressed: Is photo ra- 
dar legal? 15 photo radar the only type of equip- 
ment that can be used at Ka Band? Free 


305 Wallpaper Stripping A detailed guide 
from Black & Decker offers step-by-step in- 
structions on how to use its Steamworks wall- 
paper stripper. Steamworks is also useful in 
performing light household chores. Free 


306 Portable Counter-Surveillance The 
VL5000-P Counter-Surveillance Receiver from 
CCS Communication Control seeks, detects, 
locates, and verifies AM and FM bugs operat- 
ing between two megahertz and 1.5 gigahertz. 
The frequency range and its sensitivity greatly 
exceed most other systems including spectrum 
analyzers and non-linear junction detectors. 
Free 


307 Personal-ComputerTips In its detailed 


color brochure, CompuServ describes how to 
obtain access to America's largest information 
service. Its data banks include an encyclope- 
dia, news wires, and financial information. Free 


308 Auto Detailing The “Owning Your Own 
Custom Automotive Grooming & Detailing Busi- 
ness" brochure from Custom Car Care Publi- 
cations provides extensive how-to information 
on establishing your own auto-detailing busi- 
ness. The brochure also includes an illustrated 
product-catalog section. $8 


309 Hobbyist Catalog Edmund Scientific's. 
80-раре catalog contains over 1,200 products, 
including telescopes, magnets, weather instru- 
ments, high-tech toys, fiber optics, and ideas 
for science-fair projects. Free 


310 New Designs The New Design Portfo- 
lio from Home Planners contains the latest 
group of newly created house plans. Among 
the 75 are richly detailed Victorian and Tu- 
dor styles, as well as Heritage houses and 
farmhouses. The portfolio features one- and 
two-story houses as well as luxury houses. 
$4.95 


311 Car Speakers А brochure from Jensen 


describes its full line of high-power and broad- - 


range car speakers. Also featured are Jensen 
car receivers, equipped with extras such as a 
pull-out chassis and CD inputs. Free 


312 Unusual Items Тһе “Things You Never 
Knew Existed" catalog from Johnson Smith 
Co. contains over 1,800 hard-to-find novelties, 
hobby and sports equipment, scientific and 
electronic items, and gag gifts. Free 


313 Cedar Homes Lindal, the leading name 
in custom cedar homes, offers a 200-page plan 
book filled with ideas for building a dream 
house. It includes color photographs, 90 cus- 
tom plans, unique planning grids, and tips on 
design, insulation, and solar. $10 


314 Outdoor Clothing The spring catalog 
from L. L. Bean features active and casual 
wear, sports equipment and furnishings for 
home and camp. L. L. Bean pays for postage 
and offers toll-free telephone services. Free 


= FILL IN COUPON AND MAIL TODAY =” 


POPULAR SCIENCE Р.О. Box 1695, Riverton, N.J. 08077-7295 
Note: POPULAR SCIENCE New Jersey address is for Product information only. 


Please send the items checked below. | am enclosing $1 шде charge (any 
number of items per coupon) plus amount required for priced items. will not 


companies. The convenient order form will save you time and post- 
age. Orders will not be processed unless accompanied by the $1 
handling fee. For your safety, please do not send cash. 


315 Wood Finishing This edition of Min- 
wax's 30-page finishing guide contains time- 
saving tips and how-to instructions. Learn how 
to beautify and protect new wood and restore 
old wood to its original beauty. Free 


316 Electronic Measuring Tools А brochure 
from Sonin describes its range of Electronic 
Distance Measuring Tools, which give instant 
and accurate measurements at the push of a 
button. Ideal for real estate agents, architects, 
engineers, contractors, and handymen. Free 


317 Construction Products  Sparfil Interna- 
tional offers an informative package describ- 
ing the use and benefits of the Sparfil Wall 
System. Take advantage of this unique sys- 
tem to reduce heating and cooling costs by up 
to 50 percent while creating a more comforta- 
ble environment. For use in commercial, in- 
dustrial, agricultural, and residential applica- 
tions. Free 


318 Professional Lighting Literature from 
Staff Lighting Corp. introduces ParStars, a 
complete lighting instrument with a full range 
of control accessories such as louvers, color 
filters, scrims, and barn doors. The fixture fam- 
ily is designed for the lighting professional who 
has a need to address the demands of today's 
merchandising environments. Free 


319 Wood Refinishing Thecolor guide from 
United Gilsonite Labs offers tips on wood 
finishing, refinishing, and stain effects. In ad- 
dition, this guide provides how-to information 
for all phases of the wood-finishing process 
—from removing old paint to choosing and ap- 
plying new stains and finishes. Free 


320 CarCare U.S. Auto-Tech's new full-color 
car-care catalog describes its line of unique 
engine and gas-saving products. Also featured 
is the KolorKey carnauba car wax that is safe 
on all types of car finishes, doesn't leave swirl 
marks, and comes in 10 different colors, in- 
cluding burgundy, silver, and black. $1 
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1 AM ENCLOSING 


Please send check or money order made out to POPULAR SCIENCE. 
No stamps or foreign currency. Allow approximately six weeks delivery. 


be processed unless accompanied by the $1 handling fee. Do not send cash. 

п 301 o 305 п 309 с 313$10 0317 $— — for priced items 
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Мате (please print) 

Address “City & State Zip 
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Looking Back... 


Sampling a century of Poputar Science 


MARCH 1965 
“We're going to change the 
weather—in a big way. 
YEARS AGO Americans are rebelling 
against droughts, hurricanes, and 
floods such as 1964 sent our way. 
“This year will see a spectacular 
scale-up in U.S. weather-making 
trials, with a vast Colorado River Ba- 
sin snow-inducing project and a dra- 
matic attempt to destroy a hurricane. 
“Meteorologists offer a number of 
suggestions for imaginable big-scale 
ways to alter weather: spreading lamp- 
black over a polar ice cap or light- 
colored desert; coating an ocean with 
an evaporation-preventing chemical 
film; blanketing the Arctic with a vast 


5 planted in a harbor en- 


YEARS AGO france and fired electrical- 
ly from the shore, fulfill a purely de- 
fensive mission. Few military secrets 
are more jealously guarded than the 
technical details of harbor mining. But 
civilian observers recently were per- 
mitted a glimpse of its effectiveness 
in an Army demonstration in which 
a miniature target representing a ship 
was blown to bits as it was towed 
through a practice mine field. 

“ ‘Contact mines,’ in contrast with 
‘observation mines,’ explode automat- 
ically when a ship strikes them. 


MARCH 1940 


"'Observation mines,’ 


MARCH 1890 
“There is scarcely any- 
YEARS AGO 


thing in the world that 

seems more utterly out- 

side the realm of law than a soap bub- 
ble. And yet the delicate film, with 
its exquisite floating colors, its power 
of instantly vanishing, lies safely be- 
tween the opposing forces of nature. 
“The colors that flit over the sur- 
face of a soap bubble each tells the 
story of the thickness of the film at 
that point. There are ways of making 
inequalities in the film, which are 
revealed by the colors. A little instru- 
ment, called the phoneidoscope, shows 
most beautiful figures which start into 


artificial cloud, perhaps formed by 
spray from nuclear bombs; injecting 
rocket-borne chemicals or dust into the 


shape in answer to musical notes sung 
or words spoken into it. It is an inch 
tube of India rubber of any length, 
with a funnel on one end and a mouth- 
piece on the other, diaphragms of thin 
metal or varnished cardboard being 


upper atmos- 
phere; diverting 
ocean currents. 
“Large-scale con- 
trol of weather 
would give a na- 
tion a mightier 
weapon than the 
intercontinental 
ballistic missile. 
The National Sci- 
ence Foundation’s 
brighter view: 
‘The rewards to 
be gained may 
equal or surpass atomic energy in 
dealing with the world’s population ex- 


plosion and other problems. 


“Germany is reported to be laying 
magnetic mines, in which the firing 
mechanism is set off by the steel hull 
of a ship. And for the first time in the 
history of warfare, Germany has in- 
troduced the innovation of parachut- 
ing mines from planes. According to 
some reports, the parachute serves to 
break the fall of the mine and pre- 
vent a premature explosion. 

“Can mines of the latest design crip- 
ple a warring nation’s sea power and 
its ocean-borne commerce? Daring 
crews of tiny mine-sweeping craft ap- 
pear so far to be fighting a winning 
battle against them, with the aid of 
equally ingenious counter-weapons.” 


placed across the mouth of the funnel 
with holes of various shapes cut in 
them to sustain the film. 

“The colors and figures on these 
films, if one is patient and learns how 
to use the voice, are simply incredi- 
ble to see. The 
films change con- 
stantly, and are 
so rich and gor- 
geous that they 
seem to have lost 
their transparen- 
cy and to be me- 
tallic plates, ex- 
cept for their 
streaming, swirl- 
ing colors.” 
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TOYOTA TRUCKS 


“It doesnt take a 
mountain of money to 


get to be king of the hill” 


Owners are fast discovering that the new 1990 
Toyota 4x4 Deluxe V6 is at the pinnacle of afford- 
able performance. With the same advanced 30-liter 
powerplant found in more expensive Toyota models, 
the Deluxe V6 puts 150 horses and 180 ft-lbs. of 
torque at your command. Its lofty ground clearance 
and optional 31x10.5R15 tires will move you con- 
fidently over rough, rocky terrain. But best of all is 
its heritage of Toyota dependability. So it doesn't 
just start out affordable, it stays that way. 


“Toyota, I love what you do for me." 
e. 


15 mg "tar" 1.0 mg nicotine av. per cigarette by ЕТ! 


SURGEON GENERAL'S WARNING: Quitting Smoking 
Now Greatly Reduces Serious Risks to Your Health 
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